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(57) A novel liquid crystal compound, a nematic liquid crystal composition, and a liquid crystal display system using 
the composition are disck>sed herein. The liquid crystal compound is represented by the general formula (1): 




(I) 



vifherein R represents a hydrogen atom or a straight chain alkyl group having 1 to 7 carbon atoms and each of X, Y and 
Z independently represents hydrogen atom or fluorine atom. The nematic liquid crystal composition of the present 
invention can provide liquid crystal materials in response to desired purposes even by its addition in a small amount 
without spoiling other characterises. 
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Description 

FIELD OF THE INVENTION 

[0001 ] This invention relates to a f luorine-sitetitiited 4nalkenylbenzoic add and derivatives thereof, which ar useful 
as electro-optical display materials, and a nematic livid crystal composition containing cyanophenyl k>erm>ate deriva- 
tives and a liquid crystal display system using the sama 

BACKGROUND OF THE INVENTION 

[0002] TN-LCD (twisted nematic liquid crystal display device) is a typical liquid crystal display device and used in 
docks, electronic calculators, electronic pocketisooks, pocket computers, word processors, personal computers and tiie 
like. On the other hand, witti the increase in ttie information contents of OA instruments. STN (super twisted nematic)- 
LCD has been developed l>y Scheffer etal. (SID '85 Dige^. p 120, 1985) and Wnugawa ef a/. (SID BB Digest p 122, 
1 986) and is now popularizing in the field of portable terminals, electronic pocketbooks, pocket conputers, word proc- 
essors, personal computers, monitor displays and tiie like high infbnmation displays. 

[0003] Recently, an active addressing drive system (Proc. 12th IDRC. p 503, 1992) and multiline addressing drive 
system fSID "92 Digest p. 232. 1992) have been proposed for the purpose of proving response characteristics of S7N- 
LCD. Also, with ttie aim of achieving brighter display or higher contrast ratio, a novel reflection type liquid crystal cdor 
display system in which birefringence of liquid crystal and retardation film was used in stead of cok)r fitter layers (The 
Institute of Television Engineers of Japan, Technical Reports, vol. 14. No. 10, p. 51, 1990) and a liquid crystal display 
device having a refracting surface in which a small paftx>loid is arranged on the substrate electrode side have been pro- 
posed. 

[0004] Particulariy. uniform and high contrast display against ttie temperature distribution of back light ts expected for 
th purpose of enlarging the display area, so ttiat liquid crystal materials having more stable orientation and smaller 
temperature-dependency are expected, arxi a (birefringence corresporxling to a predetermined value is also expected 
for redudng dispersion of cell thidviess. Since high duty drive is carried out by increasing the nunft>er of pixels, 
response, gradient and the like are also regarded as important factors. In the case of medium and small size portable 
displays, on the other hand, stability of display against working environmental temperature is an important point, so that 
liquid crystal materials having lower driving voltage which can reduce response and consumptive electric power are 
expected, as well as smaller temperature dependency of driving voHage, sharpness and frequency-dependency of 
desired duty drive wittiin the temperature range of from -30 to 0*^0 or from 40 to SO^'C. In addition, tiiough it is necessary 
to avoid too low electrical resistance (specific resistance) for saving consunptive electric power, it is required to set the 
resistance to a predetermined value so ttiat it does not become too high which will cause image sticking. Thus, liquid 
crystal materials which are differentiated further in detail and improved even to a certain degree are still in demand. 
[0005] As has been descrft)ed in detail in the foregoing, ttiere are many demands for liquid crystal display devices, 
such as vme precise and high density display capacity, quktor response speed (switching time) against driving voHage 
and environmental temperature, tower driving voHage having chemically and electrically high stability, higher gradient 
and higher contrast for woridng environmental temperature and viewing angia Because of this, research and devetop- 
ment are still carried out on liquid crystal materials which can achieve desired driving voltage, particulariy lower driving 
voltage, witii lower viscosity so that the response property can be improved while having the nematic property within a 
wide range of temperature and maintainir>g the nematic phase for a prolonged period of time under tow temperature 
storage conditions. In addition, desiring of birefringence, dielectric anisotropy and elastic constant arxJ their tenrpera- 
ture-dependency, light wave lengtii-dependency of birefringence and frequency-dependency of delectric anisotropy in 
response to duty numbers are also drawing attention as means to be improved. 

[0006] To meet such demands for liquid crystal materials, it is necessary to generally optimize birefringence, elastic 
constant dielectrto anisotropy, lower viscosity, wider nematic temperature range, chemical stability, electric stability 
(desired specific resistance) and ttie like physical characteristics and predetermined tilt angle concerning orientation 
property, wider d^ margin and ttie like individual characteristics, and ttie development of new liquid crystal conpounds 
or liquid crystal compositions is still in demand. 

[0007] Wrtti regard to ttie compounds related to ttie groups A1 to A3 of ttie present invention, which will be described 
in ttie following, compounds of ttie general fomriula (1-1) are descrtoed for example in German Patent 2306739 (1973) 
and Phys. (Paris), Suppl. 36. C1 , 387 (1 975), compounds of ttie general formula (M) are descrfoed in JP-A-58-83665 
(1983) (ttie term 'JP-A** as used herein means an ''unexamined put)lished Japanese patent application") and U.S. Pat- 
ent 4455261 (1984) and compounds of ttie general fbnnulae (1-2), (1-3) and (1-5) to (1-9) are described in JP-W-3- 
503637 (ttie term "JP-W" as used her in means an "unexamined published Japanese international patent application") 
and WO 89/08102 (1989). Compositions in which ttiese conpounds ar used are described for example in JP-A-9- 
157654 (1997) in addition to the just described references. 
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[0008] With regard to compounds related to the groups A4 to A6 of the present invention, which will be described in 
the following, compounds of th general formulae (1-10) and (1-13) are described in JP-A-2-225444 (1990). JP-A-2- 
233656 (1990), European Patent 464648 (1991). European Patent 466183 (1991) and JP-A-4-230352 (1992). and 
compounds of the general fonnula (1-16) are descrtoed for example in JP-A-4-300861 (1992). 

5 [0009] In addition to the aforementioned references, compositions in which these corrpounds are used are descn'bed 
for example in JP-W-62-501509 (1986). U.S. Patent 4 818 426 (1989). European Patent 207975 B (1990). JP-W^- 
5025969 (1987). JP-W-1-500837 (1988). JP-A^279560 (1992). WO 96/32365 (1996), JP-A-9-59625 (1997). JP-A-9- 
227866 (1997). JP-A-10-88140 (1998). JP-A-10-140157 (1998) and JP-A-1 0-1 58651 (1998). 
[001 0] However, the aforementioned techniques, even some of them are unrealized, are not sufficient for achieving 

10 objects of the present invention. For example, compounds of the general formulae (1-11) and (1-12) and corrpounds of 
the general formulae (1-14) and (1-15) or the general fornwlae (1-17) and (1-18) of the present invention are not known. 
With regard to techniques concerning the compositions, descriptions about general corrtMnations of compounds can be 
found Illustratively, but their illustrative exarrples are rare, so that technical disclosures which can be used easily by 
those skilled In the art are not suffteient yet. 

15 [0011] In addition, even if the aforementioned techniques are used. prot)lenr« still remain unsettied. For exanple. 
great concern has been directed toward the Improvement of the response property of Iquid crystal display by smaller 
viscoelasticity in comparison with the size of dielectric anisotropy Ae or the realization of liquid crystal display which can 
be driven within a wide range of temperature by obtaining a nematic phase that is stable at a low temperature through 
the reduction of a crystallizing or predprtating tendency against other liquid crystal materials. Also, in the case of word 

20 processors, personal corrputers and the like STN-LCDs having large Information capacity, small frequency depend- 
ency of driving voltage to cope with high duty, or small terrperature dependency of driving voltage in the case of porta- 
ble use. is expected. Because of this, more excellent new liquid crystal materials are expected. 

SUMMARY OF THE INVENTION 

25 

[001 2] This invention contemplates overcoming the aforementioned problems involved In the prior art. 
[001 3] Illustratively, its primary oksject s to provide a novel liquid crystal oorrpound which is strong polar corrpound 
having large dielectric anisotropy and exerts excellent threshold voltage reducing effect and excellent misctbilrty with 
conventional liquid crystal materials by its addition. 

30 [001 4] Another ot)ject of the present invention Is to provide liquid crystal materials In response to each purpose with- 
out spoilirig other characteristics, including a case of its addition in a small amount. More particularly, the object is to 
expand operating terrperature range of liquid crystal display characteristics through the irrprovement of misdbility, low 
terrperature shelf life and the like, to irrprove reduction of driving voltage and Its temperature changes and to achieve 
or irrprove relatively quick response to a desired driving voltage. 

35 [001 5] Still anotiier object is to provide TN-LCD, STN-LCD and the like liqukj crystal display systems with inproved 
electroKptical characteristics making use of the liquid aystal conpositions as constituting materials. 
[001 6] The present invention have found the fbllGwing items as means for overcoming the aforementioned problems: 

1 . a corrpound. represented by the general formula (I): 

40 



45 




Z Y 



50 

wherein R represents a hydrogen atom a a straight chain alkyi group having 1 to 7 cartxxi atoms and each of X. 
Y and Z independently represents hydrogen atom or fluorine atom. 

2. The conrpound described in the aforementioned item 1 . wherein R is a hydrogen atom or a methyl group. 

3. The corrpound described in the aforementioned item 1 or 2. wherein X is a fluorine atom and Y is a hydrogen 
55 atom. 

4. A corrpound. represented by the general formula (II): 
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COOH 



(II) 



wherein R represents a hydrogen atom or a straight chain alkyi group having 1 to 7 cartx>n atonns and Z represents 

a hydrogen atom or a fluorine atom. 

5. A nematic lic^id crystal composition, comprising: 



a lic^td crystal component A composed of 1 . 2 or 3 or more groups selected from groups A1 to A6, wherein 
said groups are composed of compounds represented k>y the general formulae (1-1) to (1-18): 
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0-9) r"-^<:oo-(]^n (1-18) R' 
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45 



SO 



55 



wherein R"*^ each independently represents an alkyl or alKoxy group having 1 to 10 cartx)n atoms and R^^ 
each Independentfy represents an alkenyl or alkenylaxy group having 2 to 1 0 cartxxi atonns. wherein said alkyl 
group, alkoxy group; alkenyl group or alkenyloxy group may be unsul)strtuted or may have one F, CH3 or CF3 
as a substituent group, and/or at least one off CH2 groups existing In said alkyl group, alkoxy ^oup^ alkenyl 
group or alkenyloxy group may be substituted each independently with -CO- or -COO- where O atoms are 
not directly linked to each other, and the atoms which constitute these conpounds may be replaced by their 
isotopes, and 

said liquid crystal component A is composed of 1 to 20 compounds: 

0 to 9S% Ijy weight off a Iquid crystal component B composed off corrpounds having a dieieclric anrsotropy of 
+2 or nwe; and 

0 to 95% by weight of a liquid crystal component C composed of conpounds having a dielectric anisotropy off 
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from -10 or more to less than •f2; 

wherein the total amount of the liquid crystal component B and liquid crystal component C in said nematic liquid 
crystal composition is from 30 to 90% by weight, with the prov^ that the liquid crystal component A should satisfy 
at least one of the following conditions (0 to (viii): 

(i) said liquid crystal component A contains at least one compound selected from the compounds represented 
by said general formulae (1-1 1). (1-12), (1-14), (1-15). (1-17) and (1-18). and the content of said compound In said 
liquid crystal component A is from 5 to 100% by weight; 

(ii) said liquid crystal component A contains 1 to 10 of the compounds represented by the groip A5 and 1 to 
10 of the compounds represemed by the groijpM and/or group A6, and the total contem of these conpou^ 
in said fiquid crystal component A is from 5 to 100% by weight; 

(iiO said liquid crystal component A contains 1 to 10 of the compounds represented by the group A6 and 1 to 
1 0 of the compounds represented by the group A4 and/or group A5. and the total content of these compounds 
in said liquid crystal component A is from 5 to 100% t>y weight; 

Ov) said liquid crystal component A contains 1 to 10 of the compounds represented by the groups A4 to A6 in 
which the side chain groip has an alkenyl group and 1 to 10 of the compounds represented by the groups A1 
to A3 in which the side chain group has an alkyi group, and the total content of these conpourids in said Hquid 
crystal component A is from 5 to 1 00% by weight; 

(v) said liquid crystal component A contains 1 to 10 of the compounds represented by the group A3 and/or 
group A6 having 3,5-drf tuoFO-4-cyanopheny1 group and 1 to 10 of the compounds represented by the group A2 
and/or groif) A5 having 3-fluoro-4-cyanophenyl group, wherein at least one of these selected compounds 
belongs to the group A5 or group A6, and the total content of these compounds in said liquid aystal oorrponent 
A is from 5 to 100% by weight; 

(vi) said liquid crystal component A contains 1 to 10 of the compounds represented by the group A3 and/or 
group A6 having 3.5-cfif luoro-4-cyanophenyl ^otp-and 1 to 1 0 of the compounds represented by the group A1 
and/or group A4 having 4-cyanopheny1 group, wherein at least one of these selected compounds belongs to 
the group A4 or group A6, and the total content of these compounds in said liquid crystal component A is from 
5to 100% by weight; 

(vii) said liquid crystal component A contains 1 to 10 of the conrpounds represented by the groip A3 and/or 
group A6 having 3.5-difluora4-cyanophenyl group. 1 to 10 of the compounds represented by the group A2 
and/or group A5 having 3-f luoro-4-cyanophenyl group and 1 to 1 0 of the compounds represented by the group 
A1 and/or group A4 having 4-cyanophenyl group, and the total content of these compouncte in said liquid crys- 
tal component A is from 5 to 100% by weight; and 

(viii) said liquid crystal corrponent A contains 1 to 10 of compounds in which R^^ is represented t>y CHa^CH- 
. CH2=CH-(CH2)2- CH2^CH-(CH2)4-. CH3CH=CH-. CH3CH=CH-(CH2)2- or CH3CH=CH-(CH2)4-. 

6. The nematic liquid crystal composition desaibed in the aforementioned item 5, wherein said liquid crystal com- 
ponent B contains 1 to 15 compounds selected from the group of compounds represerrted by the general formulae 
(11-1) to (IW): 
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Wherein each of R^^ to R^^ independently represents an all group having 1 to 10 cart)on atoms or an alkenyl grotp 
having 2 to 10 casbon atoms, wherein said alkyi g-oup or alkenyl ^oup may be unsubstituted or may have one F. 

30 CH3 or CF3 as a sut>stftuent group, and/or at least one of CH2 groups existing in said alkyI group or alkenyl group 
may be substituted each independently with -O. -CO- or -COO- where O atoms are not directly linked to each 
other, each of X^^ to X^* independently represents F, CI, CF3. OCF3, OCF2H, NCS or CN, each of Y^^ to Y^^ inde- 
pendently represents H. F, a or OCF3. each of W^^ to W^s independently represents H. F or a. each of Z^^ to 
independently represents a single bond, -C00-, -OCO-, -CHgO-, -OCH2-, -(CHajg-, -(CH^^-, -CH=CH-(CH2)2-, - 

35 (CH2)2-CH=CH-. -CH=N-, -CH=N-N=CH- or -N(0)=h4-, wherein each of Z^^ and Z^^ to Z^^ may be -CH=CH-, - 
CF=CF- or -C^C-. each of the rings A^^ to A^^ independently represents trans-1.4-cycloh©(ylene, trans-1,4- 
cydohexenylene or trans-1,3KJioxane-2.&<Jiyl, wherein the ring A^^ may be 1 ,4-phenylene, 2- or 34luoro-1 .4-phe- 
nylene or 3,5-difluoro-1 ,4-phenylene, and in the case of trans-1,4-cydohexylene, at least one of the hydrogen 
atoms in saki ring may be replaced by deuterium atom, each of k^^ to independently represents 0 or 1 wherein 

40 k^ + k^"^ is 0 or 1. and the atoms which constitute the conpounds of said general formulae (11-1) to (11-4) may be 
replaced t)y their isotopk; atomsw 

7. The nematic liqukJ crystal composition desaibed in the aforementioned item 6, wherein saki liquki crystal com- 
ponent B contains 1 to 15 or more conpounds selected from the group consisting of (1) a compound in which each 
of r2^ to r2^ in the general fomiulae (11-1) to (IM) independently an alkenyl group having 2 to 5 cartx>n atoms, 

45 (2) a compound in whkrfi each of X^^ to X^^ in the general formulae (11-1) to (11-4) is independently F, Q, or -OCF3, 
(3) a compound in which in the general fomujla (11-1) is -(CH2)2- or -(CH2)4-, (4) a compound in whk:h k^^ in the 
general formula (11-1) is 1 , (5) a compound in whkrfi at least one of Y^, Y^'*, W^^ and in the general fomwla 
(11-2) is F. (6) a compound in whteh in the general formula (11-2) 1^ is 1 and Z^* is -0-C-, (7) a compound in which 
in the general formula (11-2) Z^ Is a single bond or -(CH2)2- and Z^^ is -COO-, (8) a compound in which at least one 

50 Of y25. and to in the general fomnula (11^) is F, (9) a compound in wKch Z^ in the general formula (II- 
3) is -C-C-, (10) a compound in whk:h in the general formula (11-3) Z^^ is a single bond or -C-C- and Z^ is -COO- 
, (1 1) a compound represented by the general formula (11-4), and (12) a compound in which in the general formulae 
(11-1) and (11-2) the rings A^^ to A^ are trans-1 ,4-cyclohexylene and at least one of the hydrogen atoms in sakJ ring 
is replaced by deuterium atom 

55 8. The nematk; liqukJ crystal composition desaibed in the aforementioned item 6, wherein saki WqM crystal com- 
ponent B contains 1 to 15 compounds selected from the group consisting of (1) a conpound in which in th general 
formula (IH) R^^ is an alkyI or alkenyl group having 2 to 5 caibon atoms, 1^^ is 0 and X^^ Is -CN, (2) a compound 
in which in th general formula (11-1) k^^ is 1 , X^^ is F or -CN and each of Y^^ and Y^^ is independently H or F. (3) 
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a compound in which in the general formula (11-2) is an aikyi or alkenyl group having 2 to 5 cartxxi atoms. 1^ 
is 0. is -CN and each of Y^. Y^^ W^^ and is independently H or F. (4) a compound in which In the general 
formula (11-2) \^ 'fs1,Z^ 'tsa single bond. -{O^z- <^ -COO, Z^* Is a single bond, -COO- or -C-C-, X^^ f or - 
CN and each of Y^^, Y^^ w^^ and W^s jg independently H or R (5) a compound in which in the general formula (II- 
3) an alkyi or altenyl ^oup having 2 to 5 carbon atorrrs and one of and Z^s is a single bond a^ 
is a single bond, -COO- or -C=C-, (6) a compound in which each of Y^^. Y^ and to in the general formula 
(11-3) is H a F, (7) a compound in which in the general formula (IM) R^"^ is an alky! or alkenyl group having 2 to 7 
carbon atoms and k^^ + k^^ jg o, and (8) a compound in whtoh in the general fornrwiae (11-1) and (11-2) the rings A^^ 
to are trans-1 ,4-cyctohexylene and at least one of the hydrogen atoms in said ring is replaced by deuterium 
atom; arxJ 

wherein the total content of these conrYxxinds in said liquid crystal component B is from 10 to 100% by weight. 

9. The nematic liquid crystal composition described in the aforementioned item 6, wherein said liquid crystal com- 
ponent B contains 1 to 1 5 compounds selected from the groif> consisting of (1) a compound in which in the general 
formula (11-1) R^^ is an alkyl or alkenyl group having 2 to 5 carbon atoms, 1^^ is 1. one of Z^ and ^ is a single 
bond and the other is a single bond. -C00-, -{CH^- or -(CHg)^. X^^ is F. Q. CF3. OCF3 a OCFgH and at least 
one off Y^^ and Y^ is F, (2) a compound in which in the general fonmila (11-2) R^ is an alkyl or alkenyl yotp having 
2 to 5 carbon atoms. 1^ is 1 , Z^ is a single bond, -{CH^- or -COO-, Z^^ a single bond. -COO- or -C-C-. X^^ 
is F. CI, CF3, OCF3 a OCF2H. at least one of Y^^ and Y^^ is F and each of W^^ and is independently H or F, 
(3) a compound in which in the general formula (11-3) R^ s an alkyl or alkenyl group having 2 to 5 carbon atoms, 
one of Z^^ and Z^ is a single bond and the other is a single bond, -COO- or -C«C-, is F. at least one off 
and Y^s is F and to W^® are H or one or more off them are F, and (4) a compound in which in the general for- 
mulae (11-1) and (11-2) the rings A^^ to A^^ are trans-1. 4-cydohexylene and at least one of the hydrogen atoms in 
said ring is replaced t>y deuterium atom; and 

wherein the total content of these compounds in said liquid crystal component B is from 1 0 to 1 00% by weight. 

10. The nematic liquid crystal composition described in any one of the aforementioned items 5 to 9. wherein said 
liquid crystal component C contains 1 to 15 compounds selected from the group consisting of compounds repre- 
sented by the general formulae (III-1) to (III-4): 




wherein each of R^^ to R^ independently represents an alkyl or alknxy group having 1 to 7 cartx)n atoms or an 
alkenyl or alkenyloxy group having 2 to 7 cartx>n atoms, wherein sakJ alkyl group, alkoxy group, alkenyl group or 
alker^loxy group may be unsubstituted or may have one F, CH3 or CF3 as a subslituent group, and/or at least one 
of CH2 groups existing in said alkyl group, alkoxy group, alkenyl groip or alkenyloxy group may be substituted each 
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independently with -0-, -CO- or -COO- where O atoms are not directly linked to each other, each of Y^^ to inde- 
pendently represents H or F, or Y^ and Y^ may also be -CH3. each of W^^ to independently represents H. F 
or a, each of 2^^ to Z^® independently represents a single bond, -COO-. -OCO-. -CH2O-. -OCH2-, -(CH^-, - 
(CH2)4-. ■CH=CH-(CH2)2-. -{CH2)2-CH=CH-. -CH=N-. -CH=N-N=CH. or -N(0)=N-. wherein each of 2^^ and to 
may also t)e -CH=CH-. -CF=CF- or -C-C-, each of the rings A^^ to independently represents trans-1.4- 
cydohexylene. tran&-1,4^yclohexenylene or trans-1.3-diaxane-2.&<liyl, wherein each of the rings A^^ and A^ to 
A^ may also be 1,4-phenylene. 2- or 34luoro-1,4-phenylene, 2,3-difluoro-1 ,3-phenylene or 3,S<lifluoro-1,4-phe- 
nylene and, in the case of trans-1 ,4-cyclohexylene, at least one of the hydrogen atoms in said ring may be replaced 
by deuterium atom, each of 1^^ to independently represents 0 or 1 wherein l^ + k^isOor1.andthe atoms 
which constitute the compounds of said general formulae (111-1) to (III-4) may be replaced by their isotopic aton^ 

11. The nematic liquid crystal composition descrit>ed in the aforementioned item 10, wherein said liquid crystal 
component C contains 1 to 15 conrpounds selected from the group consisting of the compounds represented by 
the general formula (III-1), (III-2) or (111^), and the total content of these compounds in said liquid crystal con^x)- 
nent C is from 10 to 100% by weight 

12. The nematic liqukl crystal composition described in the aforementioned item 10, wherein said liquid crystal 
component C contains 1 to 15 or more compounds selected from the group consisting of (1) a compound in which 
each of R^^ to in the general fbnnulae (IIH) to (IIW) is independentiy an aikenyl group having 2 to 5 carbon 
atoms, (2) a compound In which each of R^^ to in the general fomriulae (III-1) to (III-4) is independentiy a 
straight chain aikenyl or alkenyloxy ^oup having 2 to 7 carbon atoms, (3) a compound in which in the general for- 
mula (IIH) k^^ is 0 and is a single bond or -{CH^-, (4) a conpound in which 1^^ in the general fbmrujla (III-1) 
is 1 . (5) a compound represented by the general fomnula (111-2), (6) a compound in which in the general formula (III- 
3)atleastoneofY^,Y^andW^toW36isFandY^isFor-CH3,(7)acompound in which in the general formula 
(111^) k^ is 0 and Z^ is a single bond. (8) a compound in which in the general famula (111-3) k^ is 1 and 2^ is a 
single bond, -OCO-. -CH2O-. ^Hz-, (CHajz-. -(CH2)4-. -CH=CH-(CH2)2-, -{CH^-CH^CH-, -CH=N-. -CH=N- 
N=CH-, -N(0)=N-, -CH=CH- or -CF=:CF-, (9) a compound in which in the general formula (III-3) Z^^ ^ -COO- or - 
C-C- and Z^ IS -OCO-. -CHgO-, -OCHg-, -(CH^-, -{CH;^^-. -CH=CH-(CH2)2-, -(CH2)2-CH=CH-, -CH-N-, -CH=N- 
N=CH-. -N(0)=N-. -CH=CH-, -CF=CF- or -C=C-, (10) a compound represented by the general formula (IIM), and 
(11) a conpound in which in the general formulae (111-1) to (IIM) the rings A^^ to A^ are trans-1 ,4-cyck>he)^ene 
and at least one of the hydrogen atoms in said ring is replaced tTy deuterium atom. 

13. The nematic liquid crystal composition descrfoed in the aforementioned item 10. wherein said liquid crystal 
component C contains 1 to 15 compounds selected from the grotp consisting of (1) a compound in which in the 
general fomuila (III-1) R^^ is an alkyi group having 1 to 5 cartxm atoms or an aikenyl group having 2 to 5 carbon 
atonw. R^^ is an alkyl or alkoxy group having 1 to 5 carbon atoms or an aikenyl a alkenytatxy group having 2 to 5 
carbon atoms, k^^ is 0 and Z^^ is a single bond. -COO- or -{CH^iz; (2) a compound in which in the general fbnnula 
(111-1) k^^ is 1. the ring A^^ is trans-1 ,4-cydohexylene and one of Z^^ and 2^^ is a single bond and the other is - 
COO- or -(CH2)2-. (3) a compound in which in the general fbrnuila (111-2) is an alkyl group having 1 to 5 cartxjn 
atoms or an aikenyl group having 2 to 5 cartx)n atoms. R^ is an alkyl or alkoxy group having 1 to 5 cartx>n atoms 
or an aikenyl or alkenyloxy group having 2 to 5 carbon atoms, the ring A^ is trans-1 ,4K;yclohexylene or trans-1 .4- 
cydohexenylene, 1^ is 0 and Z^ fe a single bond, -COO- or -{Cyi^-* (4) a compound in whkrfi in the general for- 
mula (III-2) k^is1andoneofZ^andZ**isa single bond, (^ a conrpound in whfch in the general formula (III-3) 
R^ is an alkyl grotp having 1 to 5 carbon atoms or an aikenyl group having 2 to 5 cartx)n atoms, R^^ is an alkyl or 
alkoxy group having 1 to 5 cartx>n atoms or an aikenyl or alkenyloxy group having 2 to 5 cartx>n atoms, k^ is 0 arxi 
Z^ is a single bond. -C«^C- or -CH=N-N=CH-, (6) a conrpound in which in the general formula (111-3) k^ is 1 . Z^ 
is a single bond. -{CH^z-' "COO- or-C=C- and Z^ is a single bond. -COO- or -C»C-, (7) a conrpound in which in 
the general fomnula (III-3) one of 2?^ and Z^ is a single bond and the other is a single bond or -C=C- and at least 
one of and ts F. (8) a compound in which in ttie general formula (111-3) eittier one of Y^ and Y^ is substi- 
tuted with F or CH3, and (9) a corrpomd in which in the general fomuila (II W) R^ Is an alkyl groip having 1 to 5 
cartx>n atoms or an aikenyl group having 2 to 5 cart>on atoms. R^ is an alkyl or alkoxy group having 1 to 5 cartx>n 
atoms or an aikenyl or alkenyloxy group having 2 to 5 carbon atoms and Ic^ + 1^^ is 0. and wherein the total content 
of these conrpouncte in said liqukl crystal component C is from 10 to 100% by weight. 

14. The nematic liquid crystal corrposition descn*bed in any one of the aforementioned items 5 to 13, wherein saki 
liquid crystal composition contains 1 to 1 0 conrpounds having a core structore of four six-membered rings and hav- 
ing a liquW crystal phase-isotropw liqukj phase transition temperature of 100"C or more. 

1 5. The nematic liquki crystal composition descrfoed in any one of the aforementioned items 5 to 1 4. wherein said 
liquid crystal composition has a birefringence of from 0.08 to 0. 1 95. an elastic constant ratio K^K^ 1 of from 1 . 1 to 
4.0. a nematic phase-isotropic liquid phase transition temperature of from 50 to 1 50*0 and a crystal phase-, smec- 
tic phase- or glass phase-nematic phase transition temperature of from -200*»C to 0"C. 

1 6. The nematic IkfukJ crystal position described in any one of the aforementioned items 5 to 1 5, wherein said HqukJ 
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crystal composition further contains a compound having an optically active group which shows an induced helical 
pitch of from 0.5 to 1.000 ^m. 

1 7. An active matrix, twisted nematic or super twisted nematic liqiid crystal display system comprising the hematic 
liquid crystal composition described in ttie aforementioned item 16. 

BRIEF DESCRIPTION OF THE DRAWING 

[0017] 

Rg. 1 Is a graph showing a relationship between viscosity (n) at 20''C and threshold voltage (Vth), measured in 
Example 7 and Comparative Exanrple 4. 

DETAILED DESCRIPTION OF THE INVENTION 

[001 8] The following describes an example of the present Invention. 

[001 9] The liquid crystal conposition of the present invention contains component A as an essential conrponent which 
comprises conrpounds selected from the compounds represented by the general formulae (H) to (1-18). The corrpo- 
nent A is characterized In tiiat It is constructed by classifying it Into groups A1 to AS. The groups A1 to A6 are classified 
by dividing the compounds of general fbmiulae (1-1) to (1-18) into a group having 3.5Kfifluor&4-cyanophenyl group, a 
group having 34luoro-4-cyanophenyl group and a group having 4-cyanophenyl group taking note of the polar groups 
and further into a group having for example an alkenyl group and a group having for example an alkyi groip taking note 
of the side chain group. The liquid crystal component A selected from the groups A1 to A6. These groips may be 
s lected as one group, two groups or three or more groups in response to each purpose. The present invention has 
found that its objects can be achi ey^ed by groiping the compounds of general formulae (1-1 ) to (I- 1 8) in view of the above 
points, and constituting the liquid crystal component A in such a manner that characteristics of these groips become 
more suitabia More Illustratively, when the liquid crystal component A having the aforementioned characteristics is 
blended in a liquid crystal conposition, the resulting mixture shows excellent characteristics which cannot be found In 
th conventional driving voltage-reducing liquid crystal corrpounds, because it shows a relatively good nematic phase- 
isotropic liquid phase transition temperature and has an effect to reduce driving voltage while keeping or without spoil- 
ing the response property. 

[0020] The liquid crystal composition of the present invention also has the following character^cs. The liquid crystal 
component A of the present invention has a feature in that it has markedly large dielectric anisotropy Ae. Because of 
this, the fiquid crystal composition of the present invention has a feature in that driving can be effected at a low voltage 
due to the ability to adjust the dielectric anisotropy Ae within a wide range. In general, a compound having markedly 
large dielectric anisotropy Ae also has a disadvantage of causing high viscosity. The present invention, however, has 
found an effect ttiat kiwer viscosity can be achieved for the size of dielectric anisotropy. by a combination of the corrpo- 
srtion In which it contains the aforementioned liquid crystal component A, 0 to 95% by weight of a lk)uid crystal conpo- 
nent B corrposed of conrpouncte having a dielectric anisotropy of +2 or mae and 0 to 95% by weight off a liquid crystal 
component C composed off compounds having a dielectric anisotropy of from -10 or more to less than +2, wherein the 
total amount of the liquid crystal component B and liquid crystal component C is from 30 to 95% by weight Also, when 
mixed with a liquid aystal material consisting of the atxive-descrbed liquki crystal corrponent B and liquid crystal com- 
ponent C, operating temperature range of the Gquki crystal component A can be adjusted mcxB widely for exanple t>y 
reducing solid phase- or smectic phase-nematic phase transition temperature or prolonging storage time at a low tem- 
perature. 

[0021] The liquid crystal component A contains one or nrore conpounds selected from the compounds of general 
formulae (1-1 ) to (1-1 8), and it is desirable to constitute the component with 1 to 20 compounds in response to each pur- 
pose. In that case, one or more compounds can be selected from the same group, but it also is possible to select a plu- 
rality off conpounds ffrom compountte represented by the same general formula or from two or three different general 
formulae. The corrpounds selected from the same group can be constituted by 1 to 20 species, but more desirably by 
1 to 10 species. 

[0022] The compounds of group A3 and A6, when sbictty corrpared with compounds of other groups, have excellent 
effect to reduce driving voltage, but have a tendency to worsen response property and make nematic phase-isotropic 
liquid phase transition temperature lower. In consequence, it is desirable to reduce the number of the corrpounds of 
group A3 and groip A6 as small as possOsle; illustratively, it is desirable to constitute them with 1 to 10 species, more 
desirably with 1 to Sspedes, mostdesirably with 3, 2 or 1 species. 

[0023] More preferred nxxJes of th compounds represented by ttie general formula (1-1) to (1-18) are shown in th 
following. More preferred mode of the side chain group R^ ^ Is general fonmulae (1-a) to (l-ag) shown in the following, and 
more preferred mode of the side chain groip R^^ jg general formulae (l-ah) to (1-bc) shown in the following. Conpounds 
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represented by these groups are useful. 



\i a/ 




(I-g) 


(I-b) 


CaHr- 


(l-h) 


(I-c) 


C4Hg- 


(I-i) 


(I-d) 


CoH.r- 


(I-j) 


(I-e) 




(I-k) 


(I-O 


CjHiS 


(I-I) 


(l-s) 


CHsOCHr- 


(I-x) 


(I-t) 


CH30C2H4- 


(l-y) 


(I-u) 


CH30C3H6- 


(1-2) 


(I-v) 


CH30C4H8- 


(I-aa) 


(I-w) 


CH30C5Hi(r 


(I-ab) 





(I-m) 


Ci>HiiCOC>- 




(I-n) 


C3HTCOO- 


C4H9O- 


(I-o) 


C4H9COO- 


CsHuO- 


(I-p) 


CsHuCOO- 




(I-q) 


C6H13COO- 


C7H15O- 


(I-r) 


C7H15COO- 


CaHsOCHf- 


(I-ac) 


C3H7OCH2- 


CaHsOCaHr- 


(I-ad) 


C3H70C2Hr- 


CaHsOCaHs- 


(I-ae) 


C3H7OC3H5- 


CaH50C4Hr- 


a-ao 


C3H70C4Hg- 


CaHsOCsHKT- 


a-ag) 


C3H70C5Hi(r 



(I-ah) CH2=CH- 

(I-ai) CH3CH=CH- 

(I-au) C2H5CH=CH- 

(I-ak) C3H7CH=CH- 

(I-al) CH2=CHCaH4- 

(I-anO CH3CH=CHC2H^- 

(I-an) CH2=CHCHr- 

(I-av) CHF=CH- (I-az) 

(I-aw) CH2=CF- (I-ba) 

(I-ax) CFa=CH- (|-bb) 

(I-ay) CHF=CF- (I-bc) 



(I-ao) CH2=CHO- 

(I-ap) CH3CH=CH0- 

(I-aq) C2H5CH=CHO- 

(I-ar) C3H7CH=CHO- 

(I-as) CH2=CHC2H40- 

(I-at) CH3CH=CHC2H40- 

(I-au) CH2=CHCH20- 

CHF=CHC2H4- 
CH2=CFC2Hr- 
CF2=CHC2Hr- 
CHF=CFC2H4- 



[0024] In this connection, each of the compounds used in the following was thoroughly purified by removing impurities 
using distiDation, column purification, recrystallization and the like techniques. 

[0025] In describing further in detail, it is desirable to use the following conpounds in the liqiid crystal component A 
to obtain the effects of the present invention. 
[0026] In the general fbnnulae (1-1) to (1-9), 

(I-i): preferred are compounds in which ^ is an alkyi group having 2 to 7 carbon atoms, illustratively, corrpounds 
having basic structures of the general formulae (1-1) to (1-9) and side chain groi4)s of (l-a) to (I-I) and (l-s) to (l-ag), 
more preferably having side chain groups of (l-a) to (l-f). (l-s) to (I-x) and (I-ac). Since these compounds have the 
effect to reduce driving voltage, and elastic constants and their ratkK K33/K1 1 and K33/K22 can be controlled, further 
improved electro-optical characteristics of TN-LCD, STN-LCD and the like devices can be obtained. 

Also, in the general fbnnulae (1-10) to (1-18), 
(l-ii): prefen-ed are compounds in whteh R^^ is an alkenyl group having 2 to 7 carbon atoms, Plustratively, com- 
pounds having basic structures of the general formulae (1-10) to (1-18) and side chain yoips of (I-ah) to (I-bc), 
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more preferably having side chain g^oips of (l-al) to (l-an), (l-as) to (l^au) and (l-az) to (l-bc). Most preferred is a 
nenfiatic liquid cry^l composition which contains 1 to 10 compounds in which R^^ is represented by CH2=CH-. 
CH2=CH-{CH2)2-. CH2=CH-(CH2)4-, CH3CH=CH-. CH3CH=CHKCH2)2- or CH3CH=CH-(CH2)4-. Since these com- 
pounds have the effect to reduce driving voltage while keeping or without worsening nennabc phase-isotropic liquid 
phase transition temperature and response property, operating temperature range can be expanded through th 
improvement of misctt)ilfty and low temperature shelf IHe of the liquid crystal compositon and elastic constants arxj 
their ratios K33/K1 ^ and K33/K22 can be controlled, so that electro-optical characteristics of TN-LCD, STN-LCD and 
the like devices with improved sharpness, response or temperature characteristics can be obtained. 

In order to cause the effect to reduce driving voltage or its tenr^)erature dependency or frequency dependency 
of driving voltage in response to high duty. 

(l-iii): it is desirable to use mainly compounds represented by the group A3 and/or group A6 having 3,5<lifluoro-4- 
cyanophenyl group and compounds represented by the group A2 and/or groiq} A5 having 34luoro-4-cyanophenyl 
group. In that case, it is more desirable to select conpounds in whk;h R^^ is (l-a) to (l-Q, (l-s) to (l-x) or (l-ac) and 
compounds in which R^^ is (l-al) to (Inan), (l-as) to (l^u) or (l^az) to (l-bc). 

In order to reduce driving voltage while keeping or without worsening nematic phase-isotropic liquid phase 
transition temperature arxJ response property. 

(l-iv): it is desirable to use mainly compounds of the general fbrnrwlae (1^). (1-6), (1-12) and (1-15) having 3.&<jrf- 
luoro-1 .4-phenylene groip and compounds of the general fonruilae (1-2). (1-5). (1-18). (1-1 1). (1-1 4) and (1-17) having 
34luoro-1 .4-phenylene groupi 

[0027] A liquid cry^l conponent A which contains one or two a nme of compounds selected from these sut>groif)s 
(l-i) to (l-iv) is desirable. Particularly, a liquid crystal component A in whk:h compouncte having alkenyl groups as the side 
chain groups are selectively combined or a liquid crystal component A in which compounds having alkyi groups and 
alkenyl groi4>s are simuHaneousty selected are desirable in tenns of the sharpness and response of STN-LCD or tem- 
peratore characteristics thereof. Also, a liquid crystal conponent A in whfch compounds having 3.&<iifluoro-4-cyano- 
phenyl group as the polar group and compounds having 3-f luor&4-cyanophenyl group are simultaneously selected is 
desirable, t)ecause driving voltage can be reduced while improving problems concerning miscibility In view of such 
points, it is desirable that the liquid crystal component A is composed of groips A1 to A6 and satisfies at least one of 
th following conditions. 

(i) The liquid crystal component A contains at least one compound selected from the compounds represented by 
the general fonnulae (1-11). (1-12), (1-14). (1-15). (1-17) and (1-18), and the content of the compound in the liquid 
crystal component A is from 5 to 1 00% by weight This construction can exert the aforerr^entioned effects concern- 
ing subgroups (l-ii) to (t-iv). 

(ii) The liquid crystal component A contains 1 to 1 0 of the compounds represented by the group A5 and 1 to 1 0 of 
the compounds represented by the group A4 and/or group A6. and the total content of both of these corrpounds in 
the liquid crystal corrponent A is from 5 to 100% by weight 

(iii) The liquid crystal component A contains 1 to 1 0 of the cotrpounds represented the group A6 and 1 to 1 0 of 
the conrpounds represented by the group A4 and/or group A5. and the total cont^ of both of these corrpounds in 
the liquid crystal corrponent A is from 5 to 100% t>y weight 

In the above constructions, a combination of a group having 3.5-difluoro-4-cyanophenyl groip with a group 
having 3-fluoro-4-cyanophenyl group and/or a group having 4-cyanophenyl group used taking note of the polar 
groups, and a ^oup having an alkenyl group is used as the main corrponent taking note of the skie chain group. 
This construction can exert the aforementbned effects concerning sutjgroups (l-ii) to (l-iv). 

(iv) The liquid aystal conponent A contains 1 to 1 0 of the oonpounds represented by the groups A4 to A6 in which 
the side chain group has an alkenyl group and 1 to 10 of the conrpounds represented by the groups A1 to A3 in 
whk:h the side chain group has an alkyl group, and the total content of these compounds in the liquid crystal com- 
ponent A is from 5 to 100% by weight 

(v) The liqukj crystal component A contains 1 to 10 of the corrpounds represented by the group A3 and/or group 
A6 having 3.5-dffluor&4-cyanophenyl group and 1 to 10 of the compounds represented by the group A2 and/or 
group A5 having 34luoro-4-cyanophenyl group, wherein at least one of these selected compounds bebngs to the 
group A5 or group A6, and the total content of these compounds in the Ikjuid crystal conponent A is from 5 to 1 00% 
by weight 

(vi) The liquid crystal conponent A contains 1 to 10 of the compounds represented by the croup A3 and/or group 
A6 having 3,5-difluoro^-cyanophenyl group and 1 to 10 of the compounds represented by the group A1 and/or 
group A4 having 4-cyanophenyl group, wherein at least one of these selected compounds belongs to the group A4 
or group A6. and the total content of these conrpounds in the liquid crystal component A is from 5 to 100% by 
weight 
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In the above constructions, a combination of a group having 3.5-drf luoro-4-cyanophenyl groip with a group 
having 3-f luoro-4-cyanophenyl group and/or a group having 4-cyanophenyl group is used taking note of the polar 
groups, and a group having an alkenyl group and a group having an alkyi group are jointly used taking note of the 
side chain group. This construction can exert the aforementioned effects concerning sut>group6 (N) to (l-iv). 
(vii) The liquid crystal component A contains 1 to 10 of the compounds represented by the group A3 and/or group 
A6 having 3,5-cfif luoro-4K:yanophenyl group, 1 to 1 0 of the compounds represented bf the group A2 and/or group 
A5 having 3-fluoro-4-cyanophenyl group and 1 to 10 of the corrpounds represented by the group A1 and/or group 
A4 having 4-cyanophenyl groip, and the total content of these compounds in the lk|uid crystal component A is from 
5 to 100% by weight. 

[0028] In the above construction a group having 3,Mif luora4-cyanophenyl groups a group having 3-ftuoro-4<;yano- 
phenyl group and a group having 4-cyancphenyl group are jointly used taking note of the polar groups. This construc- 
tion can exert the aforementioned effects concerning the sut)group (l-iv). 

[0029] According to the present invention, one or more compounds optionally selected from the ^-oups A1 to A6 can 
be included as the liquid aystal component A. but the aforementioned effects can be obtained even by a single com- 
pound. Preferatrfy, depending on the desired purpose, it may be constructed with the aforementioned compounds (i) to 
(viii). Since the liquid crystal composition of the present invention containing such a liquid crystal corrponent A can 
expand operating terrperature range of the liquid crystal display characteristfos through the improvement of miscbility 
arxJ lew temperature shelf life, irrprove reduction of driving voltage and temperature changes thereof arxi achieve or 
improve relatively quick response for a desired driving voltage, further improved electro-optical characteristics, particu- 
larly more desirable fow tenrperaturoKiependency, can be added to TN-LCD, STI^LCD and the like devfoes in which 
such a composition Is used. 

[0030] In addition to the aforementioned liquid crystal corrponent A, the liqukl crystal composition of the present 
invention contains a liquid crystal corrponent B which contains at least one conrpound having a dielectric anisotropy of 
•^2 or more. In this connection, the term liquid crystal compourxi having a dielectric anisotropy of +2 or more" as used 
herein means as follows. That is, the liquid crystal corrpound gas a rod-shaped chemical structure in which its central 
part has a core structure having 1 to 4 six-membered rings, six-membered rings positioned at both termini of the central 
part in major axis direction have terminal groups sut>stituted at positions corresponcfing to the major axis of the liquid 
crystal moleade and at least one of the ternrvnal groups positioned at both termini is a polar ^oup such as -F, -Q, -NO2, 
-CF3. -OCF3, -OCHF2, -CN. -OCN. -NCS or the like group. By such a structure, optical anisotropy of the liqukl crystal 
layer can be controlled at a desired value, electrical drive can be made and operating terrperature rarige can be 
expanded. 

[0031] In the liquid crystal component B, at least 1 species, preferably from 3 to 15 species, can be used as ttie com- 
pound having a dielectrk: anisotropy of +2 or more. Also, it is desirable to use the compound by optionally selecting from 
corrpounds having a dielectric anisotropy of from +2 to 46. conpounds having a dielectric anisotropy of from -fS to +1 3. 
compounds having a dielectric anisotropy of from +14 to +18 and compounds having a dielectric anisotropy of +18 or 
mare, by which desired driving voltage and response characteristics can be obtained. In that case, it is desirable to mix 
corrpounds having a dielectric anisotropy off from +2 to +13 wrttiin the range of 10 or less species at the most, to nrrix 
corrpounds having a cfielectric anisotropy of from +1 4 to +1 8 within the range of 8 or less species at the most or to mix 
compounds having a dielectric anisotropy of from +18 or more within the range of 10 or less species at the most The 
use of the liqukl crystal component B in the aforementioned manner gives temperature characteristics of the cfisplay 
characteristics rrK>re desiralsle effects. More illustratively, it improves driving voltage, sharpness-related contrast arxi 
response or the like temperature-dependency to nfx>re desirable levels. 

[0032] In view of such points, nrore preferred modes off the bask: structures in the compounds represented by the gen- 
eral fomfujiae (11-1) to (11-4) are compounds represented by the following general fomnulae (ll-la) to (ll-4g). 
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23 



(H-2a) R"--\_/-\_/-X" - . (ll-2b) 

"^24 y23 • V" 

(II-2c) R^-Q-COO-OiC'' 0l-2d) P^-^-COO-Cr^" 

Yoi V23 

(II-2e) RM~><:0O-i>c'' 01-20 ^-Q-C^e-Q-ie' 






(II-2g) R 
(11-20 R 
(II-2k) 
(II-2nOR^^- 



'"^ (II-2h) R^- 





»- e ^23 

^ (n-2j) rH>Q-Q^'' 



(11-20) r' 




(II-2n)R^- 



(II-2p)R' 



(II-2q) R^'-OO^^KJ^'' Ol-2r) r"-Q<:0 




(II-2s) R-'-{]}cO 





22 (11-20 ^-{y:oo{^^^;^^ 
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[0033] Also, more prefwed modes of the formulae (11-51) to (11-54) in the side chain groups R^^ to R^"* are conpourxte 
represented by the following general formulae (ll-5a) to (ll-5bc). 
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(11-51) R^'- (11-52) r' 



,22 



(11-53) R^- 



(11-54) r"- 



(n-5a) C2Hr- 
(II-5b) C3Hf- 
(n-5c) c,Hr- 
(n-Sd) CjHii- 
(II-5e) CeHij- 
(II-5f) CrHir- 

(n-5s) CH3OCH2- 

(II-5t) CH3OC2H4- 
(II-5u) CH3OC3H6- 
(II-5v) CH3OC4H8- 
(n-5w) CH30C5Hi(r- 



(II-5g) CaHsO- 
(n-5h) C3H7O- 
(n-5i) C4H9O- 
(n-5j) CsHijO- 
(II-5k) CeHnO- 
(II-5I) C7H15O- 

(II-5x) C2H5OCH2- 

(n-5y) C2H50C2Hr- 

(II-Sz) C2H50C3Hr- 

(II-5aa) C2H5OC4H8- 

(II-5ab) CaHsOCsHifl- 



(II-5m) C2H5COO- 
(n-5n) C3H7COO- 
(n-5o) C4H9COO- 
(II-5p) CsHuCOO- 
(II-5q) CgHnCOO- 
(II-5r) C7H15COO- 

(n-5ac) C3H7OCH2- 
ai-5ad) C3H7OC2H4- 
ai-5ae) C3H7OC3H5- 
ai-5afi C3H70C4Hff- 
(II-5ag) C3H70C5Hi(r- 



(ll-5ah) CH2=CH- 
(n-5a0 CH3CH=CH- 
(11-5^') C2HsCH=CH- 
(n-5ak) C3H7CH=Ctt- 
(II-5aO CH2=CHC2H^- 
(II-5am) CH3CH2=CHC2H4- 
(II-5an) CH2=CHC2H5CH=CH- 



(II-5ao) CH2=CH0- 
(II-5ap) CH3CH=CHO- 
(II-5aq) C2HsCH=CH0- 
(II-5ar) C3H7CH=CHO- 
(II-5as) CH2=CHC2H4C>- 
(ll-5at) CH3CH2=CHC2H40- 
(II-5au) CH2=CHC2H5CH=CHO- 



(II-5av) CHF=CH- 
(II-5aw) CH2=CF- 
(II-5ax) CF2=CH- 
(II-5ay) CHF=CF- 



(II-5az) CHF=CHC2H4— 
ai-5ba) CH2=CFC2H4- 
(II-5bb) CF2=CHC2H^- 
(II-5bc) CHF=CFC2Hi- 



[0034] Also, more preferred modes of the partial structural fomiulae (11-61) to (11-64) of 1 ,4-phenylene having a polar 
group are compounds represented by the following general formulae (\^€a) to (ll-6r). 
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[0035] In this connection, each of the compounds used in the following was thoroughly purified by removing impurities 
using donation, column purification, recrystalltzation and the like techniques. 

[0036] In desaibing further in detail, when a general purpose liquid crystal corrposition is desired, it is desirable to 
use the following compounds in the liquid crystal component B. and the effects of the present invention can be obtained 
by the combination of such a liquid crystal corrponent B with the liquid crystal conponent A. 
[0037] Arrxxig compounds of the aforementioned general fbrntilae (11-1) to (11-4), 

(ll-ai*): compounds in which R^^ to R^^ are alkenyl groups having 2 to 5 carbon atoms, illustratively, conpounds in 
whrch ttiey have the basic structures of ttie general formulae (ll-la) to (ll-4g). side chain groups of (ll-5ah) to (II- 
5bc) and polar ^oup partial sft-uctures of general formulae (ll-6a) to (ll-6r), more preferably corrpounds having the 
basic structures of general fonnulae (IMa) to (II-1 0 or (ll-2i) to (ll-2ae). can provide furtiier improved electro-optical 
characteristics of STN-LCD. TFT-LCD, PDLC, PN-LCD and ttie like devices, and 

(ll-aii): corrpounds in which X^^ to X^* are F. a a -OCFa. illustratively, compounds in which ttiey have ttie basic 
structures of ttie general formulae (ll-la) to (ll-4g), side chain groups of (ll-5ah) to (ll-5bc) and polar group partial 
stnictures off general formulae (ll-6d) to (11-60 or (ll-6m) to (II-60). more preferably compounds having ttie basic 
structures of general formulae (ll-la) to (11-11). (11-20 to (ll-2q). (Il-2u) to (ll-2w) a (ll-2ab) to (ll-4f) and polar group 
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partial structures of general formulae (ll-6d) to (ll-6i) or (ll-6m) to (II-60), can provide TFT-LCD, PDLC, PN-LCD and 
the like devices for active use with reduced driving voltage arxi excellent high voltage holding ratio when these com- 
pouncte are substantially used as the main component and also can provide TN-LCD, STN-LCD. PDLC, PN-LCD 
and the like devices with excellent driving voltage, sharpness and response or their temperature characteristics 
when compounds in which X^^ to X^* are F and CN ar jointly used sutjstantially as the main conponent 

Among corrpounds of the aforementioned general formula (11-1), 
(ll-aiii): compounds in which is -(CH2)r or -(CH2)4-. illustratively, compounds having t)asic structures of the 
general formulae (ll-lc). (Il-ld). (Il-lg) and (ll-lh). side chain groups of (ll-5a) to (ll-5bc) and polar group partial 
structures of general formulae (ll-6a) to (ll-6r), or 

(ll-aiv): compouncfe in whfch k^^ Is 1 . Illustratively, compounds having basic structures off the general formulae (II- 
1e) to (11-10, side chain groups of (ll-5a) to (ll-5bc) and polar group partial structures of general formulae (ll-6a) to 
(ll-6r). are suitable for use in a case which requires low driving voltage and relatively small birefringence. 

Among corrpounds of the aforementioned general formula (11-2), 
(ll-av): compounds in which at least one off Y^. Y^^. and Is F. illustratively, compounds having basic staic- 
tures off general fomriulae (ll-2a). (Il-2c). (Il-2f). (ll-2i), (11-21). (lI-2o). (ll-2r), (ll-2u). (Il-2x), (ll-2y). (Il-2ab) and (II- 
2ac), side chain groups of (ll-5a) to (ll-5bc) and polar groip partial structures of general formulae (ll-6b), (ll-6c), (II- 
6e), (ll-ef). (Il-6h), (ll-€i). (Il-6k). (11-61), (ll-6n). (II-60), (ll-6q) and (ll-6r). or compounds having basic structures of 
general formulae (ll-2b), (ll-2d), (II-2e). (ll-2g), (ll-2h), (11-20. (Il-2k) (ll-2m). (ll-2n), (ll-2p). (Il-2q), (ll-2s), (ll-2t). (II- 
2v). (Il-2w). (Il-2z), (ll-2aa). (Il-2ad) and (ll-2ae). side chain groups off (ll-5a) to (ll-5bc) and polar groig) partial struc- 
tures of general formulae (ll-6a) to (ll-6r), are suitable for reducing driving voltage. 

(Il-avi): corrpounds in which k^ is 1 and Z^^* is -C=C-. Illustratively, corrpounds having basic structures of general 
formulae (ll-2o) to (ll-2q) and (ll-2ab) to (ll-2ae), side chain groups of (ll-5a) to (ll-5bc) and polar group partial struc- 
tures of general fbrrrulae (ll-6a) to (ll-6r), are suitable for a case which requires low driving voltage and relatively 
large birefringence, and 

(ll-aviO: compounds in which Z^ is a single bond or -(CH2)2- and i?^ Is -C00-. illustratively, compounds having 
basic structures of general formulae (11-21) to (ll-2n), (ll-2r) to (ll-2t) and (ll-2y) to (ll-2aa), side chain groips of (11- 
5a) to (ll-5bc) and polar groip partial structures of general fomnulae (ll-6a) to (ll-6r), are suitable for use in a case 
which requires lew driving voltage. 

Arrx>ng compounds of the aforementioned general formula (11-3). 
(Il-aviii): compomds in which at least one of Y^^ Y^. W^^ to ^ F. illustratively, compounds having basic struc- 
tures of general fomnulae (ll-3a). (Il^j). (11-31^, (11^) and (ll-3t), side chain groups of (ll-5a) to (ll-5bc) and polar 
group partial slnjctures of general fomnulae (ll-6b). (Il-6c). (ll-6e). (Il-6f). (ll-6h), (ll-6i). (Il-6k), (11-60, (ll-6n), (II-60). 
(Il-6q) and (ll-6r). or connpounds having basic structures off general formulae (ll-3b) to (11-30. (11-30 to (ll-3r) and (II- 
3u) to (ll-3x), side chain groups off (ll-5a) to (ll-5bc) and polar group partial structures of general formulae (ll-6a) to 
(ll-6r), are suitable for redudng driving voltage. 

(Il-aix): corrpounds in which Z^^ is -C«C-, illustratively, compounds having basic structures off general fomnulae (II- 
3k) to (ll-3r), side chain groups off (ll-5a) to (ll-5bc) and polar group partial structures of general formulae (ll-6a) to 
(ll-6r), are suitable for a case which requres low driving voltage and relatively large birefringence, and 
(ll-ax): compounds In which Z^^ is a single bond or -C=C- and Z^ Is -(XX>-, Illustratively, compounds having basic 
structures off general formulae (ll-3j) and (ll-3y). side chain groups of (ll-5a) to (ll-5bc) and polar group partial struc- 
tures of general formulae (ll-6a) to (ll-6r). 

(ll-axO: Compounds represented by the aforementioned general fomnula (11-4). illustratively, compounds having 
basic structures of general formulae (ll-4a) to (11^), side chain groups of (ll-5a) to (ll-5bc) and polar g^oip partial 
structures off general formulae (ll-6a) to (ll-6r). 

Among corrpounds off the aforementioned general formulae (11-1) and (11-2). 
(ll-axiO: ttie rings A^^ to A^* are trans-1,4K:yclohexylene. and hydrogen atoms of the rings are replaced by deute- 
rium atoms. Illustratively, compounds having basic structures off general fomnulae (ll-1a) to (11-10 and (ll-2i) to (II- 
2ae), side chain groups off (ll-5a) to (ll-5bc) and polar group partial stmctures of general formulae (ll-6a) to (ll-6r). 

[0038] A nematic liquid crystal composition whk:h contains one or two or more corrpounds selected from the com- 
pounds represented by these subgroups (ll-aO to (ll-axiO Is desirat)le. 

[0039] Also, when a liquid crystal corrposition suitable for use in 1>J-LCD or STN-LCD Is desired, it is desirable to use 
the following compounds in the liquid crystal component B. and the effects off the present invention can be obtained by 
the combination off such a liquid crystal connponent B wHh the liquid crystal corrponent A. 

[0040] Among corrpounds represented by tire aforementioned general fomnula (11-1) in which R^^ is an alkyl or alkenyl 
group having 2 to 5 cartxyi atoms. 

(ll-bO: compounds in which 1^ ^ is 0 and X^^ -CN, illustratively, compounds having basic structures of general for- 
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mulae (IMa) to (ll-ld), side chain groups of (ll-5a) to (ll-5d), (ll-5ah) to (ll-5am) and (Il-5a0 to (ll-5bc) and pdar 
group partial structures of general formulae (ll-Ga) to (ll-6r). and 

(ll-bii): compounds in which k^^ is 1 , X^^ F a -CN. and Y^^ and ¥^2 are H or F. llluslratively. compounds having 
basic structures of general formulae (11-1 e) to (11-11), side chain groups of (ll-5a) to (ll-5d), (ll-5ah) to (ll-5am) and 
(ll-5av) to (ll-5bc) and polar group partial structures of general formulae (ll-6a) to (ll-6f). 

Among compounds represented by the aforementioned general formula (11-2) in which Pi^ is an alkyi or alkenyl 
group having 2 to 5 carbon atoms. 

(ll-biii): compounds in which 1^ is 0. X^^ is -CN, and V^, W^^ and W^^ are H or F, illustratively, conpounds 
having basic structures of general forntulae (ll-2a) to (ll-2h), side chain grotps of (ll-5a) to (ll-5d). (Il-5ah) to (II- 
5am) and (ll-5av) to (ll-5bc) and polar ^up partial structures of general fbmuilae (ll-6a) to (ll-6c), and 
(ll-biv): compounds in which is 1, is a single bond. -(CH2)2- or -COO. 2^^ is a single bond. -COO- or -C=C- 
, is F or -CN and y23, Y^^ W^i and are H or F. illustratively, compounds having basic structures of general 
formulae (ll-2i) and (ll-2ae), side chain groups of {ll-5a) to (ll-5d). (Il-5ah) to (ll-5am) and (ll-5av) to (ll-5bc) and 
polar group partial structures of general famulae (ll-6a) to (ll-eQ. 

Among compounds represented by the aforementioned general formula (11-3) in which R^^ is an alkyt or alkenyl 
group having 2 to 5 cartx)n atoms. 

(Il-bv): one of Z^® and Z^® is a single bond and the other is a single bond, -CCX> or -C=C-. illustratively, conpounds 
having basic structures of general formulae (ll-3a) to (ll-3x), side chain groups of (ll-5a) to (ll-5d), (ll-5ah) to (II- 
5am) and (ll-5av) to (ll-5bc) and polar group partial structures of general formulae (ll-6a) to (ll-6r). and 
(ll-bvO: compounds in which Y^^, y^^ and W^^ to are H or F, illustratively, compounds having basic stnjctures 
of general formulae (ll-3a) to (ll-3x). side chain groups of (ll-5a) to (ll-5d). (Il-5ah) to (ll-5am) and (ll-5av) to (ll-5bc) 
and polar group partial structures of general formulae (ll-6a) to (ll-6r). 

{Il-l3vii): Compounds of the aforementioned general formula (11-4) in which R^^ is an alkyI or alkenyl group having 2 
to 7 carbon aton>s and k^ + 1^"^ is 0, illustratively, compounds having the bask: structure of general formula (ll-4a). 
side chain groups of (ll-5a) to (ll-5f). (Il-5ah) to (ll-5am) and (ll-5av) to (ll-5bc) and polar group partial structures of 
general formulae (ll-6a) to (ll-6r). 

(Il-bviii): Compounds of the aforementioned general formulae (IM) and (11-2) in which rings A^^ to A^* are trans- 
1.4-cyclohexylene and hydrogen atoms of the rings are replaced by deuterium atoms, illustratively, conpounds 
having basic structures of general fomriulae (ll-la) to (11-11) and (ll-2i) to (ll-2ae). skie chain ^oups of (ll-5a) to (II- 
5bc) and polar group partial structures of general formulae (ll-6a) to (ll-6r). 

1 1 A nematk; Ik^uid crystal composition whteh contains one or two or more compouncte selected from the com- 
unds represented by these subgroips (ll-bi") to (Il-bviii), wherein the total content of these conpounds is from 10 to 
1 00% by weight as the liqukJ crystal component B. is desirable. 

[0042] Also, when a \jqui6 crystal composition suitable for use in TFT-LCD. IPS. PDLC, PN-LCD or the like device for 
active use is desired, it is desirable to use the folkMring compounds in the liqukJ crystal component B. and the effects of 
the present invention can be obtained by the combination of such a Iquid crystal conrponent B with the lk|uid crystal 
corrponentA. 

(Il-d): Compounds of the aforementfoned general formula (IH) in which R^^ is an alkyi or alkenyl group having 2 
to 5 carbon atoms, k^^ is 1 . one of Z^^ and Z^ is a single bond and the other is a single bond. -COO-. -{Cy^^k^ or 
-(CH2)4-, is F, a. CF3. OCF3 or OCF2H and at least one of Y^^ and ¥^2 is F. illustratively, conpounds having 
basic structures of general fbmuilae (11-1 e) to (11-11^. side chain groups of (ll-5a) to (ll-5d). (Il-5ah) to (ll-5am) and 
(ll-5av) to (ll-5bc) and polar group partial structures of general fonnulae (ll-6d) to (ll-6r). 
(Il-di): Compounds of the aforementioned general formula (11-2) in whfch R^ is an alkyl or alkenyl group having 2 
to 5 carbon atoms. k^ 'ts1,Z^ \sa single bond. -(CHzjr or -COO. Z^^ is a single bond. -CO- or -C=C-. X^s is F. 
a. CF3. OCF3 or OCF2H. at least one of Y^^ and Y^* is F and each of W^^ and is H or F. illustratively, com- 
pounds having basic structures of general formulae (11-20 to (ll-2ae). side chain groups of (ll-5a) to (ll-5d), (ll-5ah) 
to (ll-5am) and (ll-5av) to (ll-5bc) and polar group partial structures of general fornwiae (ll-6d) to (ll-6r). 
(Il-dii): Corrpounds of the aforementioned general formula (11-3) in which R^^ is an alkyl or alkenyl group having 2 
to 5 carbon atoms, one of Z^^ and Z^^ is a single bond and the other Is a single bond. -COO- or -C=C-. X^^ is F. at 
least oneofY25andY26©FandeachofW23toW26isHoratleast one of them is F. illustratively, conpounds 
having basic structures of general formulae (ll-3a) to (ll-3x), side chain groups of (ll-5a) to (ll-5d), (ll-5ah) to (II- 
5am) and (ll-5av) to (ll-5bc) and polar ^oup partial structures of general fomfiulae (ll-6e) and (ll-ef). 
(Il-civ): Compounds of the aforementioned general fomiulae (11-1) and (11-2) in which each of the rings A^^ to A^"^ is 
trans-1.4-cyclohexylene and hydrogen atoms of these rings are replaced by deuterium atoms, illustratively, com- 
pounds having basic structures of general formulae (ll-la) to (11-1 0 and (ll-2i) to (ll-2ae), side chain groups of (II- 
5a) to (ll-5bc) and polar group partial structures of general fomnulae (ll-6a) to (ll-6r). 
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[0043] A nematic liquid crystal conposltion which contains one or two or more compounds selected from the com- 
pounds represented by these subgroups (ll-d) to (11^). wherein the total content of these compounds is from 10 to 
100% t>y weight as the liquid crystal component B. is desirat>le. 

[0044] Particularly prefened mode in compounds represented t>y the general fonnulae (IM) to (IM) is a liquid crystal 
component B which contains the following compounds. 

(Il-di): Compounds in which each of R^^ to R^^ is an alkyi group having 2 to 7 ceaton atoms. Compounds in which 

each of R^^ and R^ Is an alkenyl group of CH2=CH-(CH^ (p = o or 2). Illustratively, it is desiratile that compounds 

having basic stmctures of the general fomnulae (ll-la). (Il-le), (ll-2a). (Il-2c). (Il-2d), (ll-2i). (11-21). (ll-2o). (Il-3a), (II- 

31). {W-Aa) to (II-4C) and (ll-4e) have these groups, t>ecause viscosity and viscoelastictty can be reduced by adding 

at least one of such compounds having alkyt and/or alkenyl groups to the liquid crystal component B. 

(Il-dii): It is desirable to include at least one compound selected from compounds in which X^^ to X^"^ are F, CI. - 

OCF30r.CN. 

(Il-diii): When quick response is an important object, it is desirat)le to use compounds of general formulae (ll-la). 
(Il-le). (Il-2a). (II-2C). (Il-2d). (Il-2i). (11-21). (ll-2o). (11^). (11-31) and (ll-4a) in which X^^ to X^^ are F. OCF3 or -CN. 
frequently in the liquid crystal component B. 

(Il-div): When more larger birefringence is required. It is desirable to use compounds of general formulae (ll-2a) to 
(ll-4d) in which to X^^ are CI. -OCF3 or -CN, and/or corrpounds of general formulae (II-2Q to (ll-2h). (ll-2o) to 
(ll-2q). (Il-2ab) to (ll-2ae) and (11-31^ to (ll-3x) in which each of Z^* to is -C«C-. frequently in the liquid crystal 
component B. 

(Il-dv): When rrxxe lower driving voltage is required, it is desirable to use corrpounds of general formulae (ll-la) to 
(ll-4g) in which X^^ to X^* are F. CI or -CN and Y^^ to Y^"* are essentially F frequentiy in the liquid crystal conponenl 
B. 

(Il-dvi*): Compounds of general fomnulae (lt-1) and (11-2) in which hydrogen atom in the cycfohexane ring is replaced 
by deuterium atom can be used txit since such compounds are useful in adjusting elastic constant of the liquid 
crystal composition and controlling pre-tilt angle corresponding to the orientation film, it is desirable to use at least 
one or more of the deuteriurrv-replaced corrpounds. 

(ll-dvii): Mixing ratio of two-ring compounds of general formulae (11-1). (11-2) and (IM) in whfoh k^^ to k^"* are 0 to 
corrpounds of general formulae (11-1) and (11-2) in which k^^ and k^ are 1. compounds of general formula (11-4) in 
which k^ + k^"^ is 1 and/or three-ring compounds of general formula (11-3) in the liquid crystal conponent B can be 
selected optionally within the range of from 0:100 to 100:0. and when more higher nematic phase-isotropic liquid 
phase transition tenperature is required, it is desirable to frequentiy use compounds of general formulae (11-1) and 
(11-2) in which and 1^ are 1 . compounds of general formula (11-3) andJor corrpounds of general formula (IM) in 
which k23 + k24 is 1. 

[0045] A liquid crystal component B which contains these compounds of [W-aJ) to (ll<lvii) is characterized by Hs ability 
to mix thoroughly with the essential component liquid crystal component A. and particulariy useful in controlling driving 
voltage in response to each purpose and improving its tefTperature<lependency or irrproving response property Par- 
ticulariy. compounds of g^eral fomnulae (ll-la) to (ll-1g), general formulae (ll-2a) to (ll-2q). general formulae (ll-2u) to 
(ll-2x). general formulae (ll-2ab) to (ll-2ae). general formulae (ll-3a) to (ll-3cl), general formulae (11-31) to (ll-3r) and gen- 
eral formulae (ll-4a) to (11-1 4e) are excellent in at least one of such effects, and these effects can be ot>tained even by 
a small content of from 0.1 to 25% by weight based on the total amount of tiie nematic liqukj crystal conposition of ttie 
present invention. 

[0046] The aforementioned effects of the liquid crystal component B can also be ot>tained when the content of a liquid 
crystal component C. which wilt be described in the following, is considerably small. In order to obtain particularly low 
driving voltage, the content of tiie liquid crystal conponent C can be set to 10% by weight or less. In that case, it is desir- 
able to reduce viscosity of the liquid crystal corrponent C as low as possible, because the driving voltage hardly 
increases or increases within a narrow range and improving effect of response time can be obtained effiderrtiy Fcnt 
example, as a means for achieving this effect by the liquid crystal component B when amount of the liquid crystal com- 
ponent C is small, it is desirable to include in the liquid crystal component B any one of the corrpounds of general for- 
mulae (11-1) to (IM) in which X^^ to X^^ are F. Q or -OCF3, in which Y^^ to Y^^ are F. in which Z^^ and Z^^ are -COO- 
or -C=C- or in which k^^ is 1. Particulariy preferred are compounds of general formulae (11-1) to (IM) in which X^^ to 
X2^ are F. CI -OCF3. or -CN and/or Y^ ^ to Y^^ are F 

[0047] In addition to the Ikfuid crystal component A as the essential corrponent. the liquid crystal composition of the 
present invention may preferably contain 85% by weight at the most of the liquid crystal component C which comprises 
corrpounds having a dielectric anisotropy of from -10 to 2. Preferred examples of the Ik^uid crystal conpounds having 
a dielectric anisotropy of from -10 to 2 are as follows. That is, the liquid crystal corrpound has a rod-shaped chemical 
structure in which its central part has a core structure having 1 to 4 six-memt>ered rings, six-membered rings positioned 
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at both terrrani of the central part in major axis direction have terminal groups sut)stitiited at positions corresponding to 
the major ax^ of the liquid crystal molecule arxi both of the terminal groups positioned at both ternrini are rx>n-polar 
groups such as an alkyi group, an alkoxy group, an alkoxyalkyi group, an alkenyl groip, an alkenyloxy group and 
alkanoyloxy group. The liquid crystal component C is constituted by compounds within the range off preferably from 1 to 
5 20 species, more preferably from 2 to 1 2 species. 

[0048] In view of such points, more desirable mode of the basic structures of the compounds represented by general 
formulae (111-1) to (111-4) is conpounds represented by the general formulae (lll-1a) to (lll-4o) descrS>ed in the following. 
As the liquid crystal component C of the present invention, it may contain preferably from 10 to 100% by weight of com- 
pounds selected from the compounds represented by the general formulae (III-1) to (MM). The liquid crystal component 
10 C which contains these compounds can be thoroughly mixed with the liquid crystal conrponent A which contains com- 
pounds of the general formulae (1-1) to (1-3). is useful in improving nematic phase at a low temperature, can adjust the 
birefringence to desired level and is excellent in irrproving sharpness and response of TN-LCD, TFT-IjCD. PDLC, PN- 
LCD and the like devices a temperature characteristics th^eof. 
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(II|-lb> R^l-Q-coo-O-R" 

(iii-id le'-0(cH2),-0^e^ 
(Ill-ld) R»-QOO^ 

(m-ie) R'^OOQ^ 

an-iw ^^-O-Chcm-Q^ 

aiHk) R'l-OcH=CH-0-(>ie' 

mi-iD R"0:-c-0-(>i^ 

(lll-lm) R"-O(CHd,-Oc00-Qie' 
Oll-ln) R"-OCH=CH-0-C00-0^^ 

«ii-io) r"-0-coo-0-coo-0-r» 

ail-lp) R''-O-C00-O-(CHJ,-O-«» 
ail-lq) R"-0(CHdj-0(CHe)2^Qie= 

aii-ir) R'L-0cH<(t-O(CHj,-HOe* 
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(III-2a) R^'-hQ-O^' ■ 

aii-2b) p^'-Q-Q^ 

(III-2C) R^'-OO-R^' 
(III-2d) r32_-Q_coo-Q-R='« 
(III-2e) ?e--^^CH^2-{y^ 

(in-2f) r'SD-OO'' 
(ni-2g) R^HQ-O-coo-Oi?^ 

(III-2h) R3?HQ-QooC-{>i^^ 

(111-20 r3?.^^]k^cH2)2-0?^« 

flii-2j) r^?-Ocoo--Q<;oo-0^^'' 
(ni-2k) r32-Q-^oo^Q-ooc-Or^ 

(III-21) p^'--(y<)oc-<^oc-^(y^ 

(ni-2m) r"-Oooc--Q-coo-Or=« 

(III-2n) R32-.Q^00-O^CH2)f-O-R^ 
(III-20) R32H[>00C-0-<CH2)2-Oi?=' 
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(iii-3a) R'HIrYy-^" aii-3b)R^ 

an-3c) R"-0-^«'' ('"-3d) R;"-OcO( 

(III-3e) r33_^^oc)-0^' «"-3«) R''-O^OC>-0^'' 

(in-3g) r33-Q^oO-^'^ ail-3h) r33_Q^^c-0^=»^ 

(in-3i) r33-^^c-Or'^ (III-3j) r33-Q^^c-^^^ 

(III-3k) r33_^^^^_Q^37 (,„_3,) R3i^Q^^c_^3r 
(in-3m) r33_.Q^^c-^^^37 (i„_3^) r33_Q^^^_^^37 

(III-30) R33_QH:-C-p^?^' (III-3P) R^'-H0-^_^rH0^3r 




(ni-3y) R»-^oQ^Qi^^an-3z) R'K>ooO^' 

(ni-3aa) R^-Ocoe^Ol?^^ 
(III-3ab) R"-0^0^0^^" 
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(III-3ac) 
(III-3ad) 
(III-3ae) 

(ni-3af) 
(III-3ag) 
(III-3ah) 
(III-3ai) 
(ni-3aj) 
(III-3ak) 

(Iir-3al) r"- 
(III-3am) R^-O-^-COO-^-r" 
(III-3an) R"-0~^^00'~0^^ 
(III-3ao) 

(III-3ap) 
(III-3aq) 

(III-3ar) 

(III-3as) 
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ail-3ay) 



(III-3az) R^^-(y^Q^^e-^^^^ 

ail-3ba) R^-Q-^yc^c-^^' 

(Ill-Sbb) r"-Q-Q-c^c-0^'' 

(iii-3bc) R^K>0-v,rQ^''' 

(III-3bd) R3^^0C>-O-C00-r>-R'' 



(III-3be) r3^--^^„^_Q^oo_Q_j^7 

(III-3bg) R"-0-(CH2)2-0^^<^0^" 

(III-3bh) R^'HQ^OO-Q-j^^^^-O^'' 

(ni-3bi) R'HI>-(CH2>2-0-\^fO-f^'' 
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(ni-3bl) R^'hQ-Qk^3t (,„_3b^)R33_Q..Q_Q^3r 
(«I-3bn) R^-O-O-Or'' <I"-3bo) R"" 





(in-3bp) R^'-^O-O^Qa'' («I-3bq) R'KX>^^'' 




(ni-3bt) R^^-0^o&00«"^"^"^^"^^'OcocOO^^" 

air-3bv) R^-QcoeO^"^""^'^^^ r"0<chj^200«" 
(iii-3bx) R«-Oc^-OOf?"aii-3by) R^-^M:-QQ^?3^ 

(m-3bz) R^-0^^^0^''^"^"3c^'^"0<^=<^0^«'' 

(III-3cb) R'^0<^^-^QR'^an-3cc) R^Oc^-O^'' 
(III-3cd) R"-^M:-0^"aiI-3ce) R"-^^-^0«" 

(in-3c0 r'^-Ocmt^Qr" (iii-3cg) r"-0<^^-0^' 

(III~3ch) R''-^C^-^^"(III-3ci) R^OVifOO^'' 

(in-3cj) r^-^}^}coo^}r^' (m-3c)0 R^-^O^ocrO^?^' 
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on 

ail-3cn) ir"- 

aii-3cp) r"- 





37 



_ (III-3cq)R^H 

(in-3cr) R^'-^QcOO-^^' (in-3cs) R^^- 

(III-3ct) R"-^Oc^-Qr3" (III-3CU) R=»=l 
aiI-3cv)R"-QO<^^-^'' (III-3cw)r" 
ail-3cx) R'^O^^-^" an-3cy) R- 

eO^" (III-3da)R="^ 

e^R^^ (III-3dc)R' 

(Ill-3dd) r33-^Q-co 

(III-3de) R^-Q^CH2)2- 

(III-3d6 R^--Q-C 

ail-3dg) R^^-Q-CO 

(III-3dh) R^^-0~<CH2)2 





(III-3di) R' 



.33 
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(in-4a) R^-\ ,) 



(III-4b) R' 



TO 



75 



20 



25 



30 



35 



40 



45 



50 




55 



[0049] Also, more preferred mode of th formulae (111-51) to (111-58) of the side chain groups R^^ to Is compounds 
represented tiy the following general formulae (lll-5a) to (lll-5bf). 
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(III-51) r'- (III-52) 
(III-55) R^- (III-56) R^®- (III-57) R^- (III-58) R^- 



(111-53) R"- (111-54) r'- 



10 



15 



20 



30 



35 



40 



ail-5a) 

(ni-5b) 

(III-5c) 

(III-5d) 

(III-5e) 

(III-50 

(Ill-Sg) 



CHj- 
C2Hr- 
C3H7- 
C4Hg- 
CsHii- 
CeHij- 
C7H15— 



(III-5v) CHaOCHj- 
(in-5w) CH30C2H4- 
(in-5x) CH3OC3H6- 
(III-5y) CH30C4Ha- 



ail-5h) CH3O- 
(III-5i) C2H5O- 
(III-5j) C3H7O- 
(III-5k) C4H9O- 
(III-51) CjHuO- 
(III-5m) CsHuO- 
(III-5n) C7H15O- 

(Ill-Saa) CaHsOCHj- 
(ni-5ab) C2H5OC2H4- 
(III-5ac) C2H5OC3H5- 
(III-5ad) C2H50C4Ha- 



an-5o) 

ail-5p) 
(III-5q) 
(III-5r) 
(III-5s) 

(ni-5t) 

(III-5u) 



CH3COO- 
C2H5COO- 
C3H7COO- 
C4H9COO- 
CsHiiCOO- 
CeHuCOO- 
CiHisCOO- 



(III-5af) C3H7OCH2- 
(Ill-Sag) C3H70C2H4- 
(III-5ah) C3H70C3Hfi- 
(in-5ai) C3H70C4Hff- 



(III-Sz) CH3OC5H10- (III-5ae) CaHsOCsHifl- (111-5^) C3H7OC5H16- 



(III-5ak) CH2=CH- (III-5ar) 

(in-5al) CH3CH=CH- (Ill-Sas) 

(Ill-Sam) C2H5CH=CH- (III-5at) 

(Ill-5an) C3H7CH=CH- (Ill-Sau) 

aiI-5ao) CH2=CHC2H4— (Ill-Sav) 

(Ill-Sap) CH3CH2=CHC2H4- (Ill-Saw) 
(III-5aq) CH2=CHC2H5CH=CH- (III-5ax) 



CH2=CH0- 

CH3CH=CH0- 

C2H5CH=CHC>- 

C3H7CH=CHO- 

CH2=CHC2H40- 

CH3CH2=CHC2H40- 

CH2=CHC2H3CH=CHO- 



45 



(III-5ay) CHF=C1+- 
(III-5az) CH2=CF- 
(III-5ba) CF2=CH- 
(III-5bb) CHF=CP- 



(III-5bc) CHF=CHC2Hr- 
(III-5bd) CH2=CFC2H4- 
(ni-5be) CF2=CHC2H— 
(Ill-5b0 CHF=CFC2H4- 



50 



55 



[0050] In this connection, each of the compounds used in the following was thoroughly purified by removing impurities 
using distillation, column purification, recrystalGzation and the like techniques. 

[0051] TTiough the liquid crystal component C can contain compounds represented by the aforementioned general 
formulae (III-1) to (MM), it may be composed of compounds represented by the aforementioned general formulae (III- 
1). compounds represented t>y the aforementioned general formulae (III-2), compounds represented by the aforemen- 
tioned general formulae (ill-4) or compounds represented by the aforementioned general formulae (III-3), or these com- 
pounds nay be used jointly. More prefenred is a nematic iiqud crystal composition which contains the liquid crystal 
component C that contains one a two or more compounds selected from the compounds represented by the afbremen- 
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tioned general formulae (III-1) to (III-3). wherein the total content of said compounds is from 10 to 100% by weight. 
[0052] In describing further in detail, if a general-purpose liquid crystal composrtion is expected, it is desirable to use 
th following compounds in the liquid crystal component C. and the effects of the present invention can be obtained 
when such a type of liquid crystal component C is used in combination with the liquid crystal component A or, if used, 
the liquid aystal component B. 

[0053] Among compounds of the aforementioned general formulae (III-1) to (IIM), 

(lllnai): compounds in which R^^ to are an alkenyl group having 2 to 5 carbon atoms, illustratively, conrpounds 
having basic structures of general formulae (Ill-la) to (lll-4o) In which the side chain groups to are (lll-5a) 
to (ll-5bf) and the side chain groups R^^ to R^ are (lll-5al^ to (ll-5ap), (lll-5ar) to (Ill-Saw) and (lll-5a^ to (lll-5bf), 
by which more improved electro-optical characteristics of STN-LCD. TFT-LCD. PDLC, PN-LCD and the like devices 
can be obtained through the improvement of response property by reducing viscosity and viscoelasticity and 
through the improvenfYent of nematic phasensotropic liquid phase transition terrperature. and 
(lll-aii): compounds in which R^ to R^ are a straight chain alkenyl or alkenyloxy group having 2 to 7 carbon atoms, 
illustratively, cornpounds having basic structures of general formulae (Ill-la) to (lll-4o) in which the skie chain 
groups R^^ to R^ are (lll-5a) to (ll-5bf) and the skie chain grotps R^ to are (lll-5ak) to (lll-5bf), by whfoh 
response property can be improved through the reduction of viscosity and viscoelasticity and the nematic phase- 
isotropk; liquid phase transition temperature can be improved, so that more inrproved electro-optical characteristics 
of STfJ-LCD. TFT-LCD, PDLC, PN-LCD and the like devices can be obtained. 

AnK>ng compounds of the aforementioned general formula (111-1). 
(lllnaiii): corrpounds in which k^^ is 0 and is a single bond or •[CH^2'» illustratively, corrpounds having basic 
structures of general formulae (Ill-la) and (lll-1c) in which the skie chain groups are (lll-5a) to (lll-5bf). and 
(lllnaiv): compounds in which k^^ is 1, illustratively, compounds having basic structures of general formulae (Ill-Id) 
to (lll-1r) in which the side chain groups are (lll-5a) to (Ill-Sbf). 

(Ill-av): Compounds represented by the aforementfoned general formula (III-2), illustratively, compounds having 
basfo stmctures of general formulae (lll-2a) to (lll-2o) in whk:h tiie skie chain groups are (lll-5a) to (lll-5bf). 

AnrK>ng corrpounds of the aforementioned general formula (III-3), 
(lll-avi): compounds in which at least one of Y^, and to is F and/br Y^ is F or -CH3, illustratively, com- 
pounds having basic structures of general formulae (lll-3b), (lll-3c), (lll-3e) to (lll-3g). (Ill-3i) to {lll-3o). (Ill-3r) to (III- 
3w), (lll-3y) to (lll-3ab), (lll-3ad) to (lll-3aj*). (Ill-3al) to (llhSas), (lll-3au) to (lll-3bb), (lll-3b*^ to (111^), (lll-3bu). 
(Ill-3bv), (lll-3by) to (111^) and (lll-3d^ to (lll-3dc) in whwh the skie chain groups are (III-5a) to (lll-5bf). 
(Ill-avli): compounds in which k^ is 0 and is a single bond, illustratively, corrpounds having basic structures of 
general formulae (lll-3a) to (ill-3c) in whk;h the side chain groups are (lll-5a) to (111^, 
(lll^ii): corrpounds in whfch k^ is 0 and is a single bond, -OCO-. -CH2O-, -OCHg-, -(C^^: -(CH2)4-, - 
CH=CH.(CH2)2-, ■{CH2)2<:H=CH-, -GH=N-. -CH=N-N=CH-, -N(0)=N-, -CH=CH- or -CF=CF-. illustratively, com- 
pounds having basic structures of general fonnulae (lll-3q) to (lll-3w). (lll-3ac) to (lll-3bc), (lll-3be), (lll-3t^), (III- 
SbO to (lll-3bs). (Ill-3bw). (Ill-3a) to (lll-3dc), (lll^e) and (lll-3dh) in which the skle chain groups are (lll-5a) to (III- 
5bf),and 

(Ill-aiiO: compounds in whfch is -COO- or -C=C- and Z^ is -OCO-, -CHgO-, -OCH2-. -{CH^-, -(CH2)4-, - 
CH=CH-{CH2)2-. -(CH2)2-CH=CH-, -CH=N-, -CH=N-N=CH-. -N(0)=N-, -CH=CH-, -CF=CF- or -C=C-. illustratively, 
corrpounds having bask; stmctures of general fornrulae (lll-3bq. (Ill-3bh), (lll-3df) and (lll-3dg) in wNch the skie 
chain groups are (lll-5a) to (tll-5t>Q. 

(111^): Compounds represented the aforementioned general formula (IIM), illustratively, compounds having 
basic structures of general formulae (lll-4a) to (lll-4o) in whk:h the skie chain groups are (lll-5a) to (Ill-5b0- 
(lll-axi): Compounds represented by the aforementioned general fonnulae {II H) to (III-4) in which rings A^^ to A^ 
are trans-1 .4-cyclohexylene. and hydrogen atoms in the rings are replaced by deuterium atoms, illustratively, com- 
pounds having bask; structures of general fbmnulae (lll-1a) to (III-20), (lll-3q) to (lll-3bi), (lll-4c), (lll-4d) and (lll-4h) 
in which ttie side chain grotps are (lll-5a) to (Ill-5b0. 

[0054] A nematk; Iquid crystal conrposition which contains one or two or wotB compounds selected from the com- 
pounds represented by these subgroups (lll-ai) to (Ill^axi) is desirable. 

[0055] Preferred nrxxie of the corrpounds represented by the general formulae (III-1) to (111-4) is a Iquki crystal com- 
ponent C which contains the following compounds. 

[0056] Among compounds of the aforementioned general formula (III-1) in which R^^ is an alkyi group having 1 to 5 
carbon atoms or an alkenyl group having 2 to 5 cartx)n atoms and R^^ is an alkyI or alkoxy group having 1 to 5 cartx>n 
atoms or an alkenyl or alkenyloxy group havir^g 2 to 5 cartxxi atoms, 

(lll-bi): compounds in which k^^ is 0 and Z^ is a single bond. -COO- or -(CH2)2-. illustratively, compounds having 
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basic structures of general formulae (lll-1a) to (lll-1c) in which the side chain group R^^ is conpounds of {lll-5a) to 
(lll-5e) and (lll-5ak) to (lll-5ap) and the side chain group is compounds of (lll-5a) to (lll-5e). (Ill-5g) to (111-51), 
(lll-5ak) to (lll-5ap). (Ill-5ar) to (lll-5aw) and (lll-5a^ to (lll-5bf). and 

(lll-l)ii): compounds in which 1^^ 1 . the ring A^^ is trans-1 ,4K;yclohexyIene and one of Z^^ and Z^^ jg ^ ^^^^ 
and the other is a single bond, -COO- or -(CHafe-. illustratively, coopounds having t>asic structures of general for- 
mulae (Ill-Id) and (IIMg) to (Ill-ID in which th side chain group R^^ is compounds of (lll-5a) to (Ill-Se) and (lll-5al^ 
to (lll-5ap) and the side chain groip is compounds of (lll-5a) to (lll-5e). {Ill-5g) to (111-50. (Ill-5ak) to (lll-5ap). 
(Ill-5ar) to (lll-5aw) and (lll-5ay) to (lll-5bf). 

Among compounds of the aforementioned general formula (III-2) in which R^ is an alky! group having 1 to 5 
carbon atonris or an alkenyl group having 2 to 5 carbon atonris. R^ is an alkyi or alkoocygrou^ 1 toScarbon 
atoms or an alkenyi or alkenyloxy grotp having 2 to 5 carbon atoms and the ring A^^ trans-1 ,4-cyclohexylene or 
trans-1 ,4-cyclohexenylene. 

(Ill-biii): compounds in which k^^ is 0 and is a single bond, -COO- or ■(CHg)^, illustratively, conpounds having 
basic structures of general formulae (lll-2a), (lll-2d) and (lll-2e) in which the skie chain ^oup R^ is conpounds of 
(lll-5a) to (lll-5e) and (lll-5ak) to (lll-5ap) and the side chain group R^ is compounds off (lll-5a) to (lll-5e), (lll-5g) 
to (111-51). (Ill-5al^ to (lll-5ap), (lll-5ar) to (Ill-Saw) and (lll-5ay) to (lll-5bff), and 

(lll-bi>^: conrpounds in which 1^^ is 1 and one of and is a single bond, illustratively, corrpounds having basic 
structures of general formulae (lll-2f) to (lll-2i) in which the side chain group R^^ |s corrpounds of (lll-5a) to (lll-5e) 
and (lll-5ak) to (Ill-Sap) and the side chain group R^ is compounds of (Ill-Sa) to (lll-5e). (Ill-5g) to (111-50, (Ill-Sal^ 
to (lll-5ap), (lll-5ar) to (Ill-Saw) and (Ill-Say) to (lll-5bf). 

Anrong compounds of the aforementioned general formula (II 1-3) in which R^ is an alkyi group having 1 to S 
cartx>natomsoran alkenyi group having 2 to 5 cartx)n atoms and R^^isanalkyl or alkoxy group having 1 toScar- 
bon atoms or an alkenyi or alkenyloxy group having 2 to 5 cartx>n atoms, 

(lll-bv): conrpounds in which 1^ is 0 and Z^ is a single bond. -C»C- or -CH=N-N=CH-, illustratively, conpounds 
having basic structures of general formulae (lll-3a) to (lll-3c) and (lll-3h) to (lll-3p) in whrch the side chain group 
R^ is conrpounds of (Ill-Sa) to (lll-5e) and (Ill-Sak) to (Ill-Sap) and the skJe chain group R^^ is conpounds of (Ill- 
Sa) to (Ill-Se). (Ill-5g) to (111-51), (Ill-Sak) to (lll-5ap), (Ill-Sar) to (Ill-Saw) and (Ill-Say) to (Ill-SbO. 
(Ill4]vi): conrpounds in whteh 1^ is 1 , Z^ is a single bond, -(CHg)^, -COO- or -C=C- and Z^ is a single bond, - 
COO- or -C»C-. illustratively, compounds having basfo structures of general ffomujlae (lll-3q) to (lll-3bb). (Ill-3bd) 
to (lll-3bg), (lll-3bi) to (lll-3ch) and (lll-3q) to (Ill-3d0 in which the side chain group R^ is conpounds off (Ill-Sa) to 
(Ill-Se) and (Ill-Sal^ to (Ill-Sap) and the skie chain ^oup R^^ is conrpounds of (Ill-Sa) to (Ill-Se), (Ill-Sg) to (lll-SO. 
(Ill-5ak) to (Ill-Sap), (Ill-Sar) to (Ill-Saw) and (Ill-Sa^ to (Ill-5b0. 

(Ill-bviO: conrpounds in which one off Z^ and Z^ is a single bond and the other is a single bond or -C=C- and at 
least one of and is F, illustratively, corrpounds having basic structures of general fonmilae (lll-3r), (lll-3t), 
(lll-3au), (lll-3aw). (Ill^y). (Ill-3bk). (Ill-3bn), (lll-3bo). (Ill-Sbz), (111^), (lll^e). (111^. (Ill-3cu), (lll-3cx) and 
(III-3CZ), in which the side chain group R^ is compounds off (Ill-Sa) to (Ill-Se) and (Ill-Sak) to (Ill-Sap) and the skie 
chain group R^^ \s compounds of (Ill-Sa) to (Ill-Se). (Ill-Sg) to (lll-SO. (Ill-Sak) to (Ill-Sap). (Ill-Sar) to (Ill-Saw) and 
(Ill-Say) to (Ill-Sbf). and 

(Ill-bviiO: compounds in which either of and is a compound substituted liy F or CH3, illustratively, com- 
pounds having bask; stnictures of general formulae (lll-3c). (Ill-3ff). (Ill-3g), (lll-3j*), (III^O to (lll-3o), (lll^s). (Ill-3u) 
to (III-3W), (III-3Z). (Ill-3ab). (Ill^e). (Ill-3ag). (Ill-3ai). (Ill-3aj), (lll^3am). (Ill^o). (Ill-3aq) to (111^), (lll-3av). (Ill- 
Sax). (Ill-Saz) to (lll-3bb). (Ill-3b0. (Ill-3bm). (Ill-3bp) to (lll-3bs). (Ill-3bv). (Ill-3ca), (lll-3cc). (Ill-3cd), (lll-3cg) (III- 
3ch). (Ill^m) to (III-3CS). (Ill-3cv) to (lll-3cx), (lll-3da) to (lll-3dc) in which the sWe chain group R^^ is conpounds 
of (Ill-Sa) to (lll-5e) and (Ill-5al0 to (Ill-Sap) and the skle chain group R^^ is conpounds off (Ill-Sa) to (lll-5e), (Ill-Sg) 
to (lll-SO, (Ill-Sal^ to (Ill-Sap). (Ill-Sar) to (Ill-Saw) and (Ill-Say) to (III-5U). 

(Ill-bix): Compounds off the aforementioned general formula (III-4) in which R** is an alkyI group having 1 to 5 car- 
bon atoms or an alkenyi group having 2 to S carbon atoms. R^ is an alkyI or alkoxy group having 1 to 5 carbon 
atoms or an alkenyi or alkenyloxy group having 2 to 5 carbon atoms and k^ + k?* is 0, illustratively, conpounds 
having basic structures off general fomiulae (lll-4a) and (lll-4b) In which the skie chain group R^ is corrpounds off 
(Ill-Sa) to (Ill-Se) and (Ill-Sak) to (Ill-Sap) and the side chain group R^ is compounds off (lll-5a) to (lll-5e). (Ill-Sg) 
to (111^. (Ill-5al^ to (Ill-Sap), (Ill-Sar) to (Ill-Saw) and (Ill-Say) to (lll-SbQ. 

[0057] A nematic Ik^uxi crystal composition whfch contains one or two or more compounds selected from tiie com- 
pounds represented by these subgroips (Ill-bO to (Ill-bix), wherein tire total content of these conpounds is from 10 to 
1 00% by weight as the lk)uid crystal component C. is desirable. 

[0058] Particularly preferred mode of th compounds represented by general fbmiulae(lll-l) to (III-4) is a liqukJ crystal 
component C which contains the folfowing compouncte. 

[0059] Inclusion of the compounds of general formulae (III-1) to (III-4) as a liquid crystal conrponent C exerts charac- 
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teristic effects in ttiat viscosity and viscoelasticity can be reduced and specific resistance and voftage holding ratio 
become relatively high. It is desirable that viscosity of the liquid aystal component C is as low as possible and. in the 
case of the present invention, the viscosity is preferably 45 cp a less, more preferably 30 cp or less, most preferably 20 
cp or less and particularly preferably 1 5 cp or less. From such a point of view, more preferred conrpounds are, 

(lllKa): compounds having basic structures of (IIMa) to (llHf). (Ill-Ik). (Ill-2a) to (lll-2f), (lll-3a), (lll^h) to (III-3D. 
(111-30), (III-3P). (Ill-3g), (lll-3ac). (Ill-3at) to (lll-3ax). {Ill-3ba). (Ill-3bb). (111^, {lll-3bg). (Ill^bx) to (III-3cb) and 
(lll-3ct) to (III-3CX), more preferably, 

(lll-cii): compounds of the aforementioned (lll-d) in which R^^ to are a straight chain alkyi group having 2 to 5 
carbon atoms or an aikenyl group of CH2=CH-(CH2)q (q = 0 or 2) and to are a straight chain alkyI group 
having 1 to 5 carbon atoms or an aikenyl group of CH2=CH-(CH2)q (q = 0 or 2). most pref^aWy 
(Ill-ciiO: compounds having bask; stnictures of (llUa). (lll-1d). (Ill-2a). (Ill-2f). (lll-3a), (lll^h), (lll-3p) and (lll-3q). 
in which both skie chain ^oips are aikenyl groips. 

Though the liqukJ crystal component C of the present invention can be constructed solely with any one of the 
compounds represented by the general fornula (III-1). general formula (III-2). general formula (III-3) and general 
formula (111-4). the birefringence of the liquid crystal composition can be optimized easily in response to its use, by 
jointly using 

(Ill-civ): compounds represented by the general formula (III-1) and/or general formula (III-2). particularly com- 
pounds of general formulae (lil-1a). (Ill-Id). (Ill-2a) to (lll-2c) and (111-20 and 

(lll-cv): compounds represented by the general formula (III-3) and/or general fomiula (IIU). particularly those com- 
pounds in which Z^® is a single bond, -0=0- or -CH=N-N=CH-. illustratively, compounds of general formulae (III- 
3a), (lll-3h), (III-3P), (11!^. (Ill-3at). (Ill-4a) and (lll-4h). For general purpose use. the birefringence can be 
reduced. arxJ reduction of non-uniformity of color on liquki crystal display systems, improvement of viewing angle 
characteristics and increment of contrast ratio can be achieved easily, by frequently using compounds of general 
formula (III-1) and general fonnula (III-2), such as compounds of general formulae (Ill-la) to (lll-2f). Also, when 
compounds of the general formula (III-3) such as corrpounds of general formulae (lll-3a) to (lll-3j) or of the general 
formula (III-4) such as conrpounds of general formulae (lll-4a) to (lll-4e) are used frequentiy, the birefringence can 
be increased and preparation of a liquki crystal display device having a thin Ik^ukl crystal layer of from 1 to 5 fim 
t>ecomes possible. 

[0060] A liquki crystal conponent C whrch contains these conrpounds of (Ill-aO to (lll-cv) has a featore in that it can 
mix tiToroughly with the essential component. Iquki crystal component A, and is useful in controlling the birefringence, 
improving sharpness or temperature^Jependency ttiereof or irrproving response property depending on each purpose. 
These corrpounds are excellent in at least one of such effects, and these effects can be obtained even by a small con- 
tent of from 0.1 to 30% by weight based on the total amount of the nematic tiqiid crystal composition of the present 
invention. 

[0061 1 In the compounds of the present invention, the corrposing atoms can be replaced by their conresponding iso- 
tcpic atoms conscfously. In that case, oorrpourKfs in which hydrogen atoms are replaced by deuterium atoms are par- 
ticularty desirable, because they expert nrxM-e desirable effects on miscibility. elastic constant, pre-tilt angle, voltage 
hoMing ratio and the like factors. Preferred are conrpounds in which hydrogen atoms existing in the aforementioned skie 
chain groups, linking groups or rings are replaced by deuterium atoms. More preferably, the skie chain groups are sub- 
stituted or unsut>stituted alkyI groups and aikenyl groups, the rings are substituted or unsut)stituted 1 ,4-phenylene, pyri- 
mkjine-2.5-diyl. trans-1,4-cyclohexylene. trans- 1,4-cyck)hexenylene and trans-1,4-dioxane-2.&<liyl and the linking 
groups are -CHgO-, -OCHg-, -[CH^-, -(CH2)4-. -CH=:CH-(CH2)2-. -(CH2)2-CH=CH-. -CH:=N- and -CH=N-N=CH-. Par- 
ticularty preferred are all groups, aikenyl groups. 1.4-phenylene. trans-1,4-cyck>hexylene. -[CH^^- ^ -[OH^^-. 
[0062] Currentiy, polyimide-based orientation fDms such as LX1400, SE150. SE610, AL1051 and AL3408 are fre- 
quentiy used in TN-LCD, STN-LCD or TFT-LCD. Liquid crystal display characteristics, display c^ity. reliability and pro- 
ductivity are deeply related to the specifk»tion of orientation films, and pre-tilt angle characteristics for exanrple are 
irrportantfor Iquki crystal materials. In order to obtain desired iiqM crystal display characteristics and uniform orien- 
tation, it is necessary to adjust the size of pre-tilt angle as oocaskxi demands. For example, the orientation becomes 
unstable in the case of a large pre-tilt angle, and sufficient (Ssplay characteristics cannot be obtained when the angle is 
small. 

[0063] TTie present inventors have found that \jquki crystal materials having larger pre-tilt angle and Ik^ukl crystal 
materials having smaller angle can be sorted out and that desired liqukJ crystal display characteristics and uniform ori- 
entation can be obtained from liquid crystal niaterials by the application of this finding. This technique can be applied 
to the present invention. For exanrple, a case in which the liquid crystal component B contains compounds of the gen- 
eral formulae (IH) to (11-4) is as follows. More larger pre-tilt angle can be obtained by increasing the content of oonv 
pounds in whkrfi R^^ is an aikenyl groip. X^^ is F, a or -CN and Y^^ and ¥^2 ar F and/or conpounds in which R^i is 
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an alkyl group, X^^ is F, CI or -CN and Z^s js .q^j^. -C4H8-. and more smaller pre-tilt angle can be obtained by 
Increasing the content of compounds in which R^^ an aikenyl group or CBH2B4.i-0-CtH2t, is F, Y^^ Is F and Is 
H and/or compounds in which is -C00-. lili^tratively. in the case of compounds in which rings A^^ to A^^ in the gen- 
eral formulae (11-1), (11-2) and (11-4) and rings A^^ to A^ in the general fbrnrwlae (111-1) to (IIM) are cydohexane rings 
5 and hydrogen atoms of said rings are replaced deuterium atoms, the pre-tilt angle varies depending on the replaced 
positions and can therefore be controlled within wide range. 

[0064] Also, frequent use of compounds in which hydrogen atoms are replaced by deuterium atoms exerts special 
effect to maintain further high voltage holding ratio and therefore is desirable in terms of the cfisplay characteristics and 
production yield of TFT-LCD, PDLC, PN-LCD and the like devices for active usa The reason for such an effect may be 
10 that properties of heavy water, namely differences in equilibrium constant and rate constant of the reaction, low ionic 
mobility, low soWiity of inorganic 8ut>stances and oxygen and the like properties, are also expressed in the liquid crys- 
tal compounds In order to nrtaintain mae higher voHage holding ratio, it can mostly be achieved by including 10 to 40% 
by weight or more larger amount of the aforementioned compounds t>ased on the total anrxumt of the liquid crystal com- 
position. 

IS [0065] The content of each liquid crystal component in the nematic liquid crystal composition of the present invention 
is as follows. The content of the liquid crystal component A is within the range of from 5 to 70% by weight, preferably 
within the range of from 5 to 60% by weight, more preferably within the range of from 5 to 50% by weight. The content 
of the liquid crystal component B is within the range of from 0 to 95% by weight, preferably within the range of from 3 to 
80% by weight more preferably within the range of from 5 to 60% by weight. The content of the liquid crystal component 

20 C is up to 95% by weight at the mosX, preferably within the range of from 3 to 70% by weight, more preferably within the 
range of from 5 to 70% by weight The content of compounds represented by the general formulae (1-1) to (1-1 8) is pref- 
erably 10% by weight or less as a single compound, and it is desirable that more larger content is composed of two or 
nfKxe corrpounds. The content of compounds represented by the general formulae (11-1) to (11-4). illustratively com- 
pounds represented by the general formulae (ll-1a) to (ll-4g), is preferably 30% by weight or less, more preferably 25% 

25 by weight or less, as a single compound, and it is desirable that more larger content is composed of two or more com- 
pounds, and their content in the liquid crystal component B is within the range of from 10 to 1 00% by weight, preferably 
within the range of from 50 to 100% by weight, more preferably within the range of from 75 to 100% by weight. The con- 
tent of compounds represented by the general formulae (111-1) to (111-4), illustratively corrpounds represents by the gen- 
eral Ibnmulae (Ill-la) to (lll-4o). is preferably 30% by weight or less, more preferably 25% by weight or less, as a single 

30 compound, and it ts desirable that mae larger content is composed of two or more compounds, and their content in the 
liquid crystal component C is within the range of from 10 to 100% by weight, preferably within the range of from 50 to 
100% t>y weight, more preferably within the range of from 75 to 100% by weight. 

[0066] In order to improve characteristics of the liquid crystal composition of the present invention, the composition 
may further contain usually used nematic liquid crystals, smectic liquid crystals, cholesteric liquid crystals and the like 

35 liquid crystal compounds, in addition to the aforementioned compounds represented by general fornulae (1-1) to (III-4). 
For example, one or a plurality of corrpounds having a core structure composed of 4 six-membered rings and having a 
liquid crystal phase-isotropic liquid phase transition temperature of lOO^C or mote can be included. Howe\/er, since the 
use of such corrpounds in a large amount reduces characteristics of the nematic liquid crystal composition, the amount 
is limited in response to the required characteristics of the n&natk: liquid crystal composHbn. 

40 [0067] The crystal phase- or smectic phase-nematic phase transition terrperature is preferably -1 0'C or less, more 
preferably -20'»C or less, most preferably -30"C or less. The nematic phase-isotropic liquid phase transition tenperature 
is preferably 50*C or more, more preferably 70**C or mae. most preferably wHhin the range of from 80"C to 150^C. The 
liquid crystal corTpositk)n of the present invention may have a cfielectric anisotropy of 3 a more but preferably within the 
range of from 4 to 40. and a range of from 4 to 16 is desirable when quick response is important or a rar>ge of from 17 

45 to 30 is desirable when more lower driving voltage is required. Smaller a medium t>irefringence is within the range of 
preferably from 0.08 to 0.195. more preferably fro 0.10 to 0.18. The nematk; liquid crystal composition having such char- 
acteristics is effective for use in twisted nematic a super twisted nematic liquid crystal display devices. 
[0068] When mae quicker response is desired fa the size of driving voltage, the liquid crystal composition of the 
present invention can be controlled as follows. When medum degree of driving voltage is desired, the liquid aystal 

50 corrposition of the present invention may preferably have a dielectric anisotropy within the range of from 3 to 1 5 and a 
viscosity within the range off from 8 to 20 c.p. at 20''C. In that case, viscosity of the liquid crystal component C alone is 
preferably 25 c.p. a less, more preferably 15 c.p. a less, most preferably 10 ap. a less. Alsa when particulariy low 
driving voltage is desired, the liquid crystal composition of the present invention may have a dielectric anisotropy within 
the range of preferably from 15 to 30, mae preferably from 18 to 28. 

55 [0069] The aforementioned nematic liquid crystal composition is useful in quick response TN-LCD and STN-LCD and 
also in liquid crystal display devices in which cotor display can be mad by birefringence of liquid crystal phas and 
retardation film without using cok>r filter layers and can be used in a transmission type a reflection type liquid crystal 
display device. Since this liquid crystal display device has substrates having transparent electrod layers, in which at 
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least one of them is transparent. nfK>lecules of the aforementioned nemafa'c liquid crystal composition can be arranged 
l>etween these sii)strates in a twisted orientation which can be selected in response to each object within the range of 
from 30'' to 360*. preferably within the range of from 90" to 270*. more preferably within the range of from 45** to 135** 
or within the range of from 1 80° to 260*. Because of this, the liquid crystal composition of the present invention can con- 
tain a conrpound having an optically active group which shows an induced helical pitch of from 0.5 to 1 .000 \im. Exam- 
ples of such a compound include cholesterol derivatives. cNral nematic liquid crystals, ferroelectric liquid crystals and 
the like, more illustratively, cholesterylnonanate. G-15. CB-15. S-811 and the like nay be used preferably. Also, it 
known that there are compounds whose induced helical pitch becomes tong and or short by the inaement of tempera- 
ture, and one or a plurality of compounds of one of such types may k>e used or one or a plurality of compounds of both 
types may also be used. Their amount to be mixed is preferably within the range of from 0.001% by weight to 10% by 
weight more preferably within the range of from 0.05% by wei^ to 3% by weight. Most preferably within the range of 
from 0.1% by weight to 3% by weight As a matter of course, however, these anrxxints are selected to obtain a desired 
induced helical pitch by the helix angle 6 and the thickness d between the afbrementk>ned substrates. 
[0070] ft is desirable to select the pre-tilt angle which is obtained by the orientation film arranged on the transparent 
electrode substrate within the range of from 1* to 20*. and a pre-tilt angle off from 1* to 4* is desirable when the helix 
angle Is from 30* to 100*. a pre-tilt angle of from 2* to 6* is desirable when the helix angle is from 100* to 180*. a pre- 
tilt angle of from 3* to 1 2* te desirable when the helix angle is from 180* to 260* and a pre-tilt angle of from 6* to 20* is 
desirable when the helix angle is from 260* to 360*. 

[0071 ] The present invention also provides phenyl benzoate derivatives represented t>y the general formula (I) and as 
intermediates for use in the production thereof 24luora4-(3-alkenyl)benzoic acid represented by the general formula 
(II). The groip R represents a hydrogen atom or a straight chain alkyi group having 1 to 7 cartx>n atoms, preferably a 
hydrogen atom or methyl group. When R is an alkyI groups it is desirable that configuration of the double bond is trans 
configuration. Each of X. Y and Z is independently a fluorine atom or a hydrogen atom, but it ^ desirable that at least 
one of X. Y and Z is a fluorine atom, more preferably at least two of them are fluorine atoms, in order to improve the 
threshokJ voltage reducing effect through the increment of dielectric anisotropy. Also, since solubility and liquid crystal- 
line property are slightly reduced when all of X. Y and Z are fluorine atoms, it is desirable that at least one of them is a 
hydrogen atom. In consequence, it is most desirable that X ^ a fluorine atom and Y » a hydrogen atom when Z is a 
fluorine atom and that X and Y are both fluorine atoms when Z is a hydrogen atom. 

[0072] The fblfowing describes examples for production methods of the phenyl benzoic acki derivatives of the present 
invention represented t>y the general formula (Q: 



F X 




(I ) 



Z Y 



Namely, the derivative (I) can be obtained easily by treating a f luorine-sut>stituted 4-(3-alkerTyl)benzok; acid represented 
by the general formula (II) 



F 




Z 



(wherein R and Z are as defined in the foregoing) with thionyl chloride or the like chlorination agent to convert it into 
corresponding add chloride which is then allowed to react with a 4-cyanophenol or a fluorine sut)stitution product 
thereof represented by the general formula (IV) 
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H0^O/-CN (IV) 




Y 



(wherein X and Y are as defined in the foregoing) in the presence of pyridine or the like t>ase. it can also be obtained 
t3y allowing the conipound (II) to react directly, without converting it into acid chloride, with the compound (IV) in the 
presence of dicydohexylcartxxiiimide (DCC) or the like condensing agent. 

[0073] In this connection, the f luorine-sutistituted 4-(3-alkenyObenzoic add of fbrnula (I I) can be produced in the fol- 
lowing manner in response to its group Z. 

(a) When Z is a fluorine atom, 

[0074] 

1) a Grignard reagent prepared from 3.5-difluoro-1-bronrx3benzene (Va) 



or a phenyllithium reagent is allowed to react with N.N-dimethyKormamide (DMF) or the like fomrrylation agent and 
then treated with sodium borohydride or the like reducing agent to obtain 3.5-dffluorobenzyl alcohol (Via): 



Alternatively, the compound (Via) can also be obtained with one step by allowing the Grignafd reagent or phenyl- 
lithium reagent to react with formaldehyde in stead of the formytation agent. By alk>wing 3,&dif luorobenzyl bromide 
(Vila) 



obtained by bromination of the compound (Via) to react with a Grignard reagent represented t>y the g^eral formula 
(Villa): 



(wherein R is as defined in the foregoing, and W is chlorine or bromine atom), a 3,5KJifIuoro-1-(3nalkenyObenzen 
represented by the general formula (IXa) 





(Via) 




R-^j^MgW (Villa; 
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(wherein R is as defined in the foregoing) Is obtained. Alternatively, the compound (IXa) can also be obtained by 
carrying out the reaction with a &ignaFd reagent represented by the general fornujla (Villb) 




(Vlllb; 



(wherein R is as defined in the foregoing, and W is chlorine or bromine atom), in stead of the reagent (Villa), and 
then trans-redudng the resulting triple bond by alkali metal such as sodium or lithium in liquid ammonia or a lower 
amine, and the latter case is desirable when R is an alkyi group. By treating this with butyl lithium or the like alkyi 
lithium and then allowing to react with cartx>n dioxide, a 2.&difluoro-4-(3-alkenyQbenzoic add (lla) 



R"^^^_y-<^^OOH (lla) 



(wherein R is as defined in the foregoing), which is a member of the fluorine-substituted 4-(3-aikenyObenzoic acid 
represented by the general formula (11) in which Z is a fluorine atom, can be obtained. 

2) Alternatively, by altowing the Grignard reagent or a phenyllrthium reagent prepared from the compound (Va) to 
react with an unsaturated caitxixylic add derivative represented by the general formula (X) 

R^^G (X) 

(wherein R is as defined In the foregoing, G is CN. COOR* or COa, and R* is a lower alkyi group having 1 to 4 car- 
bon atoms) and then hydrolyzing the reaction product as occasion demands, a compound represented by the gen- 
eral formula (XIa) 

^ P 

""VJ^"^^ (XIa) 

(wherein R is as defined in the foregoing) is obtained. By redudng the cartjonyl group; the aforementioned com- 
pound of formula (IXa) can be obtained. 

(b) When Z is hydrogen atom. 

[0075] 

3) a Grignard reagent prepared from 3-fluoro-1-bromobenzene (Vb) 
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BrHQ) (Vb) 



or a phenyllitNum reagent is allcwed to react in the same manner as desaO^ed in (a)-1) and the sut>sequent reac- 
tion }& carried out in the same manner, thereby obtaining a compound represented by the general formula (IXb) 



(IXb) 



(wherein R is as defined in the foregoing). By sul3jecting this to acetylation and subsequent oxidation with a 
hypochtorite. a 2-fIuoro-4-(3-aIkenyi)benzoic acid (lib) 



R"^x r-(0)-^oo\\ (lib) 



(wherein R is as defined in the foregoing), which is a member of the fluorine-substituted 4-{3-alkenyl)benzoic add 
represented by the general fomnula (II) in which Z is a hydrogen atom, can be obtained. 

4} Alternatively, an acid chloride derived from the compound (lib) can be directly obtained by allowing the com- 
pound (IXb) to react with oxalyl chloride in the presence of Lewis add. 
5) Alternatively, using a compound (Vc) 




P (Vc) 



(wherein P is 4.4<jimethyl-1.3-oxazolin-2-yl group or the like carbcxyl youp-protecting groif)) which contains pro- 
tected cartxxxyl group, in stead of 3-fluoro-1-bromobenzene (Vb). a compound represented by the general formula 
(Xllb) 




P P<llb) 



(wherein R and P are as defined in the foregoing) can be obtained in the same manner as described in the afore- 
mentioned step 2) or 3). The benzoic add derivative of formula (lib) can also be obtained by removing this protect- 
ing group. 

[0076] These fluorine-substituted 4-(3-alkenyl)benzoic adds and 2.6-dif luoro-4-(3-alkenyl)benzolc adds of the gen- 
eral formula (II). are novel compounds and markedly useful as production intennediates of not only compounds (I) of 
the present invention but also other various liquid crystal compounds, and the present invention also provides these 
compounds of formula (IQ. 

[0077] Typical examples of ttie compounds represented by the general formula (I) ttius produced by the aforenr^- 
tioned production methods are shown in Table 1 . 
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Table 1 Phase txansition tecrperature of the ocnpounds of general 



formula (I) 



No. 


CGnpound 


Ehase trcUisition 


(I)-l 


F F 


Cr 58.6 I 


(I) -2 




Cr 62.0 I 



(In the table, Cr means cacystal phase and I means isotropic 



liquid phase. The phase transfer tenperature is "^^C 



[0Q78] The compound (I) of the present invention has a structural feature in that it has 3-alkenyt groips as its side 
chain groups, in stead of alkyt groups. A large number of compounds having alkenyl groups as the side chains have 
been known, and it has been reported that they have various ctiaracteristics in comparison with similar corrpounds in 
which their corresponding side chains are alkyi groups, but reports on the compounds in which 3-alkeny1 groups are 
directly bonded to the benzoic acid nucleus are extremely scarce, and virtually nothing is known about a high P type 
corrpound such as cf the general formula (1-6) in which a fluorine atom Is introduced into the benzoic add nucleus. The 
compound of the present inventk)n has rendered possOsle the solution to the aforementioned problems by providing its 
structure with such characteristics. 

[0079] Also, as shown in Table 1 , some of the conpouxte represented by the general fonnula (I) do not show nematic 
liquid crystalline properties by itseff. Ktowever, dropping degree of the nematic phase-isotrcpic liquid phase transition 
temperature (T^.^) when they are added to the host liquid crystal composition is at least the same as the case of the 
corrpound of general formula (1-6) and not so large when compared with the compounds of group A1 having small 
number of sut>stituted fluorine atoms. In addition, since th^ have relatively low melting point and are excellent in their 
misctbilfty with other liquid crystal compositions, a problem of causing predpitation and the like is scarce. In conse- 
quence, they can t>e used suitaWy in the form of their mixture with other liquid crystal compounds, particulariy as mate- 
rials of TN type, STN type and the like field-effect type display cells. 

[0080] Typical exanples of nematic liquid crystal corrpounds which can be used by mixing with the corrpounds rep- 
resented by the general fomnula (0 indude phenyl benzoate derivatives, phenyl cydohexanecarboxylate derivatives. 
biphenyl-4-yl cydohexanecarboxylate derivatives, phenyl cydohexanecarbonyloxybenzoate derivatives, phenyl 
cydohexytoenzoate derivatives, cydohexyt cydohexylbenzoate derivatives, biphenyi derivatives, cydohexylbenzene 
derivatives, terphenyl derivatives, bicydohexane derivatives, 4-cydohexylbtphenyl derivatives, 4-phenylbicydohexan6 
derivatives, tercydohexane derivatives, 1 .2-dicydohexylethane derivatives, 1,2-dphenylethane derivatives, 1,2Klphe- 
nylethine derivatives, (2-cyclohexylethiyl)t>enzene derivatives. 4-phenetylbicydoh6xane derivatives, 4-(2-cydohexyle- 
thyl)biphenyl derivatives, 1-(4-phenyl)cydohexyI-2-cydohexylethane derivatives, 1-(4-cydohexylphenyl)-2- 
phenylethine derivatives, phenylpyrimidine derivatives, (4-bphenyl-4-yl)pyrinrudine derivatives, phenytpyridine deriva- 
tives, (4-t)iphenyl-4-yl)pyridine derivatives and the like. 

[0081 ] The liquid crystal corrposition of the present invention can be obtained by induding the liquid crystal corrpo- 
nents A, B and C descrft>ed in detail in the fbregdng. Though nematic liquid crystal compositions (1-01) to (1-16) are 
shown in the following as preferred examples, the present invention is not reacted by these examples. Among these 
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examples, nematic liquid crystal compositions (1-01) to (1-05) and (1-1 1) to (1-16) can be used In TN-LCD, nematic liq- 
uid crystal compositions (1-06) to (1 -09) can be used In STN-LCD and nematic liquid crystal composition (1 -16) can be 
used in PDLC and PN-LCD. In addition, depending on each desired object and use, one or a plurality of conpounds (1 - 
0101) to (1-1610) represented by ttiese examples can be replaced by certain compounds of the general formulae (1-1) 

5 to (III-4). illustratively, compounds having basic structures of general formulae (1-1) to (1-18) In which their side chain 
groups are (l^a) to (l-bc). conpouncte having basic structures of general fbmnulae (ll-la) to (ll-4g) in which their side 
chain groips are (ll-5a) to (ll-5r) and partial structures of the polar groups are general formulae (ll-6a) to (ll-6r) and 
compounds having t>asic structures of general formulae (Ill-la) to (lll-4o) in which their side chain groups are (lll-5a) to 
(II )rSbf). As prefen^ed exanples of the composition, nematic liquid crystal compositions (1 -01 ) to (1 -1 6) are shown in the 

70 following. 
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Nematic liqiid crystal composition (1-01) 
[0082] 



5 






(% by weight) 




(1-0101) 


C3HrO~O^CH3 


10: 


10 


(1-0102) 


CsHrO-O^CaHr 


10: 




(1-0103) 




HO-OCH3 


5 


IS 


(1-0104) 




y~\_/~C3H7 


5 




(1-0105) 


C2HJ-Q 




5 


20 


(1-0106) 


C2H3-C 


F 

K:0(>-O-CN 


5 ■ 


25 


(1-0107) 




^-COO-^-CN 


6 




(1-0108) 


C5Hu-( 




6; 


30 


(1-0109) 




^-COO-^-CN 


10: 




(1-0110) 


C5H11-C 




8 


35 


U-Ulll; 


C3H7-O 




5 


40 


/^ All o\ 








(1-0113) 


CsHii-C 


>-(3-C00-([^N 


5 


45 


(1-0114) 






5 


50 


(1-0115) 






5 




(1-0116) 


CsH.rO 


-O-O-O-CsHu 


5 



55 
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Nematic liquid crystal composition (1-02) 
[0083] 









(% by weight) 




(1-0201) 




17; 


10 


(1-0202) 




12 




(1-0203) 




11 
5 


15 


(1-0204) 


C2Hs-^-coo-Q-<:n 


20 


(1-0205) 




10 




(1-0206) 


CsH.r-O-COO-Q-CHj 


10 


25 


(1-0207) 


CH30-Q-C00-Q-C5HU 


7 




(1-0208) 


C3Hr-0^00-0^5H„ 


8 ' 


30 


(1-0209) 


CaHr-O-COO-O-OcaHr 


5; 




(1-0210) 


C3HrOOc0C>^^2H5 


5; 


35 


(1-0211) 


C3HrOOc3H4-^0-<^H3 


5; 


40 


(1-0212) 




5 



45 



50 



55 
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Nematic liquid crystal composition (1-03) 
[0084] 



5 



10 



15 



20 



25 



30 



35 



(% 



(1-0301) CzHrO^'^^^-^^'"^ 
(1-0302) CaHirO^^^^^"^^'^ 



(1-0303) v_A^3~^°^^^~C^''^ 

(1-0304) C3Hr-0-0^^"3 

(1-0305) C3HrO"XI)~0^3"7 

(1-0306) C3Hr-0~0"^0~C2"5 

(1-0307) C3Hr-0~0~0~{IH3H7 

(1-0308) C5H,rO--0-0-0-C3H7 




(1-0309) C3Hr\_J-\J-\J-\_/-C3H7 

(1-0310^ C5HirO~"0"^^~0^3HT 
« (1-0311) C3H7-0'-0~COO-^<:N 
(1-0312) C4H9-O~O^0^^~"^^'"^ 

45 

(1-0313) CiHi-{^)-\_}-C0O-~(y<:iHi 



50 



55 
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Nematic liquid crystal composition (1-04) 
[0085] 

(% by weight) 



(1-0401) C2H3-0~0^'"^' ^2: 

(1-0402) C4Hg-0~0^'^ 12; 

(1-0403) C3Hr-0-0~^=^ 18: 

(1-0404) C2H3-O-COQ-Q-CN 6 

(1-0405) -Xj^-O-^0Ct-^}-CN 6. 

(1-0406) C3Hr-^}-C0O~^^M 5.' 

(1-0407) CH3-Q^0^^~O~C3"i' 

(1-0408) CsHT^-O^OO-Q-CsHn 12 

(1-0409) C3HrO~^°0~O~O~<^3H7 7 

(1-0410) C4Hg-(3-COO-Q-H(]])^3H7 7 

(1-0411) C2H5-O~O~C0C^~O~^'"^ 5; 
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Nematic liqiid crystal composition (1-05) 
[00861 



5 






(% bv weiah-h^ 




(1-0501) 




8 


7a 


(1-0502) 




6 


15 


(1-0503) 


CaHr-O-COO-Q-CiN- 


7 ■ 






--^_y-\_>-C0O-\_y-CN 


10. 


20 


(1-0505) 


C3Hr-0~O^CH3 


ii; 




(1-0506) 




lo; 


25 


(1-0507) 




10: 


30 


(1-0508) 


C5Hir-O~~O~0CH3 


10 




(1-0509) 


C5HirO~O~0C2"5 


9 


35 


(1-0510) 




3 




(1-0511) 


C2Hr\_>-Cse-(j-OCH3 


3 


40 


(1-0512) 


C3Hr-(3-O^00-(3-C3H7 


4; 




(1-0513) 


C4H<r-(3-O~C00-(3-C3H7 


3 


45 


(1-0514) 


CsHthQ-O-OOO-^^-CsH,, 


3 




(1-0515) 


C4Hg-{3-O^Oa-(3-C3Hu 


3 



50 



55 
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Nematic liquid crystal composition (1-06) 
[0087] 



5 






(% by weight) 




(1-0601) 


/ — V /=\ 


12. 


10 


\l \JO\jc) 




U 




(1-0603) 


CiH'-Cy-COO— ^""V-CN 


7 
1 


15 


(1-0604) 




7 


20 


(1-0605) 




11 




(1-0606) 




6: 


25 


(1-0607) 


C3HrO~C)~O^CH3 


5. 




(1-0608) 


C3Hr-O~O^0-<^3H7 


5. 


30 


(1-0609) 




5. 




(1-0610) 




5: 


35 


(1-0611) 




5. ■ 




(1-0612) 




5 


40 


(1-0613) 




5 


45 


(1-0614) 


C5H,r-0~0^oo-^-F 


5; 




(1-0615) C3H7-0^2H4-0-C=e-{^ 


C2H5 3 


50 


(1-0616) 




3 
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Nematic liquid crystal connposition (1-07) 
[0088] 



5 



10 



IS 



20 



2S 



30 



35 



40 



SO 



55 



(% by weight) 




(1-0701) C3Hr\_^^-\jK 10 




(1-0702) C2Hr\_y-\_/-CN 11 




(1-0703) C3Hr\_J-\_J-C>i 4 
(1-0704) C3HrO-0~0~^"3 7 




(1-0705) CzHr\J-\J-\J-C^ i2_ 

(1-0706) C3HrO~0""^^''^ 12: 

(1-0707) C3Hr-O~O^0^^^~O~P 5: 

(1-0708) C5HirO"0^0^^~0^ 5: 

(1-0709) C3Hr-Q-0~0~P 7: 

(1-0710) C4Hg-^^-^-Q-F 7 

(1-0711) C3H7-0~^2'^^~0~C— ^"0^2H3 4 

(1-0712) C3H7-0^2"^~0^=^^~O^3"7 4 

(1-0713) C3H7-0-C2H4-0-C^e-0^3H7 4 

(1-0714) -^^^^rO~^oo-^<:N 5 



(1-0715) \ r-i >-C00-< >-CN 




50 



Nematic liquid crystal composition (1 -08) 
[0089] 
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(% by weight) 

(1-0801) CzHr^y-^yCN 12 

(1-0802) CjHr-O'-O^N 12 

(1-0803) C3Hr-0~0^^2"3 g; 

(1-0804) C4Hg-^-C00— ^-CN 3- 

(1-0805) ^V.^^O^^OO"^^'^ 5; 

(1-0806) C5Hir-O~C00— Q-F 9 - 

(1-0807) C3H7-(3-COO— ^-OC2H5 5- 

(1-0808) C3H7-O~^0^^"^O^C4H9 5- 

(1-0809) C5H,rO~^0^^~O~°^2"5 5 

(1-0810) C3HrO--0~O^C2H5 6: 

(1-0811) C3Hr-0~0~O^C3H7 5- 

(1-0812) C2H5-^^J-Q-Q-C4H9 4; 

(1-0813) C3H7-^J-Q-^-C4H9 5 

(1-0814) C2H3-Q-0-0~^6"i3 5; 

(1-0815) C3Hr-C!}-0-O^"i3 5- 
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Nematic liquici crystal composrtion (1-09) 
[0090] 



10 



15 



20 



25 



30 



35 



40 



45 



50 



1-0901) CsHirO-Q-CsHz' 
1-0902) CsH.r-O-O-CaH; 
1-0903) QHg-O-COO-O-CN 



1-0904) 

^0905) 
-0906) C3H 
-0907) C4H! 

-0908) 




O 



OQ-^-CN 




(% by weight) 
4 
3 
3 

3 

3; 
3 

4: 

18 



-0909) r\_J-\_/-\J-CH3 

-0910) x^rO-ChO-cH, 

-0911) C3Hr<>0-0<U- 
-0912) CaHr-O-Q-^^HaOCHa 
-0913) C5H,rOO-O<:H20CH3 
-0914) CaHr-O-COO-Q-C^c-Q-CjHs 
-0915) CaHHOOcOO-OH[>C3H7 



17 
17 
4 
7 
4' 
5: 



55 
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Nematic liquid crystal composition (MO) 
[0091] 



10 



15 



20 



25 



30 



35 



40 



45 







i« D/ weignt) 


(1-1001) 




10: 

5 


(1-1002) 


/=\ /=\ „ 


(1-1003) 


C3Hr-O-C00-^-CN 


5 


(1-1004) 




5; 


(1-1005) 




5: 


(1-1006) 




10 


(1-1007) 


CaHr-^-C^e-Q-OCaHs 


10 


(1-1008) 




20 


(1-1009) 




10 


(1-1010) 




7 


(1-1011) 




3 


(1-1012) 




^zHs 5- 


(1-1013) 




^2H5 5: . 



50 
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Nematic liquid crystal composition (1-11) 
[0092] 



(%,by weight) 



20 
10 



(1-1101) C3Hr-0-0-CN 

(1-1102) CsHirO-O^'"' 

(1-1103) /-Q-O-CN 5 

(1-1104) W"0~0^'^ 10 

(1-1105) \./KD~0~\-y 

(111-06) /-0~0^3"» 

(1-1107) \_^r-0~CH3"7 10 

(1-1108) /-0~0-0^"3 10 

(1-1109) vj-^cycycy^^ 5 

(1-1110) Kj^^cycy^-^ 10 

(1-1111) -^^_^r^^<:0O-^-CN 5. 



[0093] Characteristic values off ttie aforementioned nematic liquid crystal composition (1 -1 0) are shown in the follow- 
ing. 

Tn-i: 88.e^C 

A8:8.6 
An: 0.168 

Threshold voltage when TN-LCD Is constructed (Vth): 2.01 V (8 
Sharpness when TN-LCD is constructed (y) : 1 .15 
Threshold voltage when STN-LCD is constructed (Vth): 2.27 V 
Sharpness when STN-LCD is constructed (y) : 1.028 
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Nematic liquid crystal composition (1-12) 
[0094] 



5 



10 



IS 



35 



40 



45 



SO 



55 






(1-1201) C3Hr-O~<^2H4-O^0 

(1-1202) CHaOCaHff 

(1-1203) 

^ (1-1204) 

(1-1205) C5H,r-0~C=e-^-F 

(1-1206) CsHirO-CzHr^^^ 

30 (1-1207) CsHirO"^^^^^"^^ 

(1-1208) C5H11 





(1-1209) r\_/~\J-<^^ 
(1-1210) /-0~0-CN 




(1-1211) S_J-\_/-\j-CH 

(1-1212) -\_y-{~)-C^^ 

(1-1213) W 
(1-1214) 
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[0095] Characteristic values of the aforementioned nematic liquid crystal composition (1-1 1) are shown in the follow- 
ing. 



Tn.i:70.1''C 
T_^:-70-C 
As: 7.1 
An : 0.084 

Threshold voltage when TN-LCD is constructed (Vth): 1 .66 V (8 lO 
Sharpness when TN-LCD is constructed (7) : 1 .17 

Nematic liquid crystal composition (1-13) 

[0096] 



(1-1301) 




(1-1302) /-0~0"C^ 

(1-1303) \_^r-^^HI)-^^ 
(1-1304) C3Hr-(]])-^-CN- 



(1-1305) 
(1-1306) 
(1-1307) 

(1-1308) 



(1-1309) C3H; 



(1-1310) 
(1-1311) 




(% by weight) 

10 
10 

10 

10 
10 
10 
10 

10 

10 
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Nematic liquid crystal composition (1-14) 
[0097] 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



(1-1401) C2Hr\J-\_^2H^ 
(1-1402) C3H7-(3-(^^2H4-^ 



(1-1403) C2H, 
(1-1404) C3H 




(1-1405) C3H 




(% by weight) 




(1-1406) rO~0^5Hn 

(1-1407) \^rO-0-\_j 

(1-1408) /-0~0"0^"3 
(1-1409) W-0-0-"0-^"3 
(1-1410) C3HrO^2H4-^-0-C5Hii 
(1-1411) -\_/-^yC00~^}-CH 



(1-1412) C3Hr 



10 



10 

10 

10 

10 

10 

10 

10 
5 



[0098] Characteristic values of the aforementioned nematic liquid vystal composition (1-14) are shown in the follow- 
ing. 

Tn.i:97.1»C 
T^:-70»C 
Ae:7.6 
An : 0.058 
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Threshold voltage when TN-LCD is constructed (Vth): 1 .78 V (8 ji) 
Sharpness when TN-LCD is constructed (y) : 1 .15 

Nematic liqiid crystal composition (1-15) 

[00991 



10 



15 



20 



25 



30 



35 



40 



45 



SO 



55 



(1-1501) 
(1-1502) 



(1-1503) CiH 



(1-1504) C3H 




(1-1505) C4Hr^^)-(]}-C^ 



(1-1506) C5H 



(1-1507) C3H7 



(1-1508) 
(1-1509) 
(1-1510) 

(1-1511) 
(1-1512) 



(% by weight) 
10 

10 

10 




15 



10 
10 
10 
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Nematic liquid crystal coirposrtion (1-16) 
[0100] 



10 



IS 



20 



25 



30 



35 



40 



45 




(1-1601) C3H; 

(1-1602) C4H5-{3-0-<^ 
(1-1603) C3H- 






(1-1604) C3H 

(1-1605) C3H; 

(1-1606) C3H 

(1-1607) CsHr 

(1-1608) C3H 
(1-1609) 

(1-1610) 






^e-i ^~CH3 



(% by weight) 

10 

10 

13 

17 
10 

10 

10 

10 
5 




N 



so 



ss 



[0101] Liquid crystal display systems are currently urxler a state of severely heated price conpetition. In view of tiiis, 
a problem to be resolved for liquid crystal materials is how to optimize their display characteristics for various applica- 
tions simply and easily, and systematized liquid crystal materials, such as a two bottle system comprising two types of 
liquid crystal materials or a four two bottle system oonprising four types of liquid crystal materials, are expected. TTie 
typical ctiaracterislics are threshold voltage, t)irefringence arvJ nematic phase-isotropic liquid phase transition temper- 
ature. For example, when a two bottle system which comprises a liquid crystal material having a high threshold voltage 
and a liquid crystal material having a lew threshold voltage, but the other characteristics ar equivalent, is used, quicker 
and more inexpensive results can be achieved by optionally fomulating these two liquid crystal materials without 
restriction by driving electronic parts and the like to be used. The present invention is also useful from such a point of 
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view, and compositions prepared from the nematic liquid crystal materials (1 -01) to (M 6) and partially replaced mate- 
rials thereof can be used t)y optionally nrixing them. As a matter of course, such application methods can be carried out 
including those which are descrit>ed in the following examples. 

5 EXAMPLES 

[01 02] Examples of the present invention are given below by way of illustration and not by way of limitation. 
[01 03] In this connection, measurement of the phase transition temperature was carried out by jointiy using a polar- 
izing microscope equipped with a temperature controlling stage and a differential scanning calorimeter (DSC). Also, the 
10 structure of each compound was confirmed by magnetic resonance spectrum (^H-NMR, ^^C-NMR or ^^F-NMR), infra- 
red resonance spectrum (IR), mass spectrum (MS) and the like means. 
[01 04] In the following, means "% by weighf . 

EXAIVIPI.S1 

IS 

Synthesis of 2,6-<fif Iuoro-4-{3-butenyl)benzoic acid 
[0105] 



20 



25 




30 

{^-a) Synthesis of 3,5-difluorobenzaldehyde 

[01 06] A 28 g portion of magnesium turnings was suspended in 60 ml of tetrahydrofuran (THF) to which was subse- 
35 quentiy added dropwise 800 ml of THF solution containing 200 g of 3.&<lif luoro-1 -bromobenzene at such a rate that the 
solvent was gently ref luxed. After the dropwise addition, the mixture was stirred at room tenperature for 1 hour and then 
91 g of N,NKjimethylformamide (DMF) was added dropwise thereto. After the dropwise addition, this was further stin-ed 
at room temperature for 1 hour, mixed with 1 ,000 ml of 10% hydrochloric add and again stinred tor 1 hour. This was 
extracted with 1 ,000 ml of ethyl acetate, washed twice with saturated brine and then dried with anhydrous sodium sul- 
40 late. By evaporating the solvent. 1 25 g of 3,&<iif luorobenzaldehyde was obtained. 

(1-b) Synthesis of 3,5-difluorobenzyl alcohol 

[0107] A 20 g portion of sodium borohydride was suspended (partially dissolved) in 80 ml of ethanol, and 380 ml of 
45 ethanol solution containing 1 25 g of 3.5<lrf luorobenzaWehyde to the suspension which was cooled in an ice bath. After 
the dropwise addition, this was stirred for 1 hour, the solvent was evaporated and the resuHing residue was mixed with 
400 ml of water. This was extracted with 700 ml of ethyl acetate, washed wrth water and saturated brine in that Oder 
and then dried with anhydrous sodium sulfate. By evaporating the solvent, 120 g of 3,&<irfluorobenzyl alcohol was 
obtained. 

50 

(1-c) Synthesis of 3,5-difluorobenzyl bromide 

[01 08] A 1 20 ml portion of 48% hydrobromic add was added to 1 20 g of 3,5-cfif hjorobenzyl alcohol. At room tenper- 
ature. 120 ml of sulfuric add was added dropwise thereto, and the mixture after the dropwise addition was stin-ed fa 3 
55 hours. The reaction solution was poured onto crashed ice. extracted with 600 ml of hexane, washed with water and sat- 
urated brine in that order and then dried with anhydrous sodium sulfate. By evaporating the solvent, 1 76 g of 3,5-difluor- 
obenzyl bromide was obtained. 
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(1 -d) Synthesis of 3.5<lif luoro-1 -(3-butenyl)benzene 

[0109] A 1 76 g portion of 3,&dffluorobenzyl broniide was dissolved in 300 ml of THF to whicfi was subsequently 
added dropwise 450 ml of allyl magnesium chloride THF solution (2 moi/I) at room temperature. This was stirred for 1 
5 hour and then mixed with 300 ml of water. This was extracted with 800 ml of hexane. washed twice with saturated brine 
and then dried with anhydrous sodium sulfate. After evaporation of the solvent, the resulting residu _ was distilled (79 - 
82^0/20 mmHg)to obtain 104 g of 3,5KJifluoro-1-(3-butenyQbenzene. 

(1-e) Synthesis of 2,6-difluoro-4-(3-butenyl)benzoic add 

10 

[0110] A 50 g portion of 3,5-difluoro-1-(3-butenyl)benzene was dissolved in 200 nil of THF, and the solution was 
cooled to -eo^C. A 190 ml portion of n-butyl lithium hexane solution (1 .59 moM) was ^ed dropwise thereto at such a 
rate that the solution ras kept at -40**C or lower, and the mixture after the dropwise addition was stirred for 1 hour. Car- 
bon dioxide was bubbled Into the resulting solution at such a rate that the reaction system was kept at -40^0 a kwver. 
15 When exothermic reaction was calmed dowry, this was stirred for additional 1 hour and returned to room terrperature. 
This was mixed with 130 ml of 10% hydrochloric acid, extracted with 400 nrtl of ethyl acetate, washed twice with satu- 
rated brine and then dried with anhydrous sodium sulfate By evaporating the solvent, 62 g of 2.6-difluoro-4-(3-bute- 
nyl)benzoic add was obtained. 

20 EXAMPLE 2 

Synthesis of 241uoro-4-(3-pentenyl)benzolc add 

[0111] 



30 



35 




40 

(2-a) Synthesis of 2-(4-fbnnyl-2-fluoro)phenyl-4,4-dimethyt-1.3-axazolidine 

[0112] A Grignard reagent was prepared by allowing 2-(4-bromo-2-fluoro)phenyl-4.4<iimethyl-1,3-oxazolidine (this 
45 was synthesized by treating 4-bromo-2-f luorobenzoic acid witti thionyl chloride to convert it into add chbride which was 
subsequentiy allowed to react with 2-amino-2-methyl-1-propanol and then with thionyl chtoride) to react with magne- 
sium in THF This was allowed to react with DMF in the same manner as described in the aforementioned step (1 -a) to 
obtain 2-(4-fbrmyl-24luoro)phenyl-4.4-dimethyl-1 ,3-oxazdidine in the form of white crystals. 

50 (2-b) Synthesis of 2-(4-hydrcxymethyl-2-fluoro)phenyl-4,4<limethyi-1 ,3-OKazolidine 

[0113] By redudng 2-(4-formyl-2-fluoro)phenyl-4,4Kiim^hyl-1,3-oxazolidine obtained in the above step (2-a) with 
sodium borohydride in the same manner as described in the aforementioned step (1-b). 2-(4-hydrGKyrnettiyt-2- 
fluoro)phenyl-4,4-dimethyl-1,3-Qxazolidine was obtained in the form of white crystals. 

55 

(2<) Synthesis of 2-(4-bromomettTyl-24luoro)phenyl-4,4<iimethyl-1 .3-oxazolidine 

[0114] 2-(4-Hydroxymethyl-2-fluoro)phenyl-4,4-dimettTyI-1,3-oxazolidine obtained in the abov step (2-b) was dis- 
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solved in a mixed solution of THF and methane tetrabromide, and the solution was mixed with tnphenylj;)hosphine and 
heated under reflux for 1 hour. After cooling, this was mixed with hexane and stirred, and the thi^ predpitated triphe- 
nylphosphine was removed t>y filtration. After evaporation of the sotverrt, the resulting residue was recrystallized from 
hexane to obtain 2-(4-bromomethyl-2-fluoro)phenyl-4.4Klimethyl-1,3-oxazolidine in the fonm of white crystal. 

(2-d) Synthesis of 2-[4-(3i>entyne-1-yf)-24luoro]phenyM.4<limethyl-1,3-oxazolidine 

[01 1 5] A Grignard reagent prepared from 1 -chloro-2-butyne was added dropwise to THF solution of 2-(4-bromome- 
thyl-2-fluoro)phenyl-4,4<Gmethyl-1,3-Qxazolidine. Thereafter, in the same manner as descra>ed in the aforementioned 
step (1-d), 2-[4-(3i)entyne-1-yl)-24luoroIphenyl-4,4Kfinriethyl-1,3KXxaz in the form of white crystals. 

(2-e) Synthesis of 2-[4-(trans-3i>enten-1-yO-2-fluoro]phenyl-4,4Kiimethy1-1,3K3Kazol^ 

[01 1 6] Lithium was dissolved in liqiid ammonia cooled at -40*'C, and to this solution was added dropwise THF solution 
of 2-{4-(3-pentyne-1-yl)-2-fluoro]phenyl-4,4-dimettiyl-1,3-axazolidine obtained in the above step (2-d) and t-butyl alco- 
hol. This was mixed with amnxmium chloride and then ammonia was evaporated. The resulting residue was dissolved 
in toluene and washed with water and then the solvent was evaporated to obtain 2-[trans-4-(3-penten-1-yl)-2- 
f luoro]phenyf-4.4-dimethyl-1 ,3-oxazolidine in the form of wtvte crystals. 

(2-f) Synthesis of 24luoro-4-(trans-3-penten-1-yl)benzoic acid 

[01 1 7] 2-[4-(Trans-3-penten-1 -yl)-24luoro]phenyl-4.4-dimethyl-1 .3KSxazolidine obtained in the above step (2-e) was 
dissolved in ethanol, and the solution was mixed with 10% hydrochloric add and stin-ed at room temperature for 4 
hours. After evaporation of the greater part of ethanol, the resulting residue was extracted with toluene and the thus 
obtained crude product was recrystallized from hexane to obtain 24luoro-4-(trans-3-penten-1-yl)benzoic acid in the 
form of white crystals. 

Synthesis of 3-fluoro-4-cyanophenyl 2,6-difluoro-4-(3-txjten-1-yl)benzoate {l)-1 
[0118] 




[0119] A 15 g portion of 2,6-dlfluora4-(3-buten-1-yl)benzoic add obtained in Example 1 was dissolved in 45 ml of 
dichloromethane, arx) the solution was mixed with 1 3 g of thionyt chloride and 0. 1 ml of pyridine arxl heated under reflux 
for 6 hours. The add chloride obtained by evaporation of the solvent and 1 0 g of 34luoro-4K:yarK)phenol were dissolved 
in 60 ml of dichloromethane, and 9 g of pyridine was added dropwise to the resulting solution at room temperature. After 
the dropwise addition, th^ was stirred for 1 hour and then mixed with 60 ml of 10% hydrochloric add. The resulting 
organic layer was separated, washed with water, saturated socfium bicarbonate solution, water and saturated brine in 
tfiat order and then dried with anhydrous sodium sulfate. After evaporation of the solvent, the resulting residue was puri- 
fied by a silica gel column chromatography (toluene) and then recrystallized from methanol to obtain 13 g of 3-f Iuoro-4- 
cyanophenyl 2.6<iifluoro-4-(3-buten-1-yQbenzoate. 
[0120] The following compounds are obtained in the same manner. 
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4-Cyanophenyl 2,6<lifluor(>^(3-buten-1-yl)benzoate 

3,5-Dif luorD-4-cyanophenyi 2,6-dif luora4-(3-birten-1 -yf)benzoate 

4-Cyanophenyl 2,6-difluoro-4-{trans-3i)enten-1-yi)ben2oate 

3- Ruac>4-cyanophenyl 2,6-dffluor(>4-(trans-3-perTten-1-yObenzoate 
3.5-DifliJorD-4-cyanophenyl 2,fr<lifluort>4-(trans-3-penten-1-yl)benzoate 

4- CyanopherTyl 2,6-difluoro-4-(trans-3-hexen-1-yl)benzoate 

3- Ruao-4-cyanophenyl 2.6-difluoro-4-(trBns-3-hexBn-1-yl)b6nzoate 
3,5-Dif luoro-4-cyanophenyl 2.6-dif luor(>4-(trans-34iexen-1 -yl)beruoate 

Synthesfe of 3.5-difluoro-4-cyanophenyl 2^luofo-4-(trans-3-perrten-1-y1)benzoate (l)-2 

[0121 ] 3.5-Dif IiJoro-4-cyanopherTyl 24luoro-4-(trans-3-perrten-1 -yl)benzoate (l)-2 was obtained from 2^luoro-4-{trans- 
3-penter>-1-yl)benzoic add obtained in Example 2 in the same manner as desaibed in Example 3. 
[01 22] The following compounds are obtained in the same manner. 

4- Cyanophenyt 2-fluor&4-(trans-3-penten-1-yl)benzoate 

3- Ruoro-4-cyanophenyI 2-fluoro-4-(trans^-penten-1-yl)benzoate 

4- Cyanophenyl 2-fliJor&4-(3-biiten-1-yl)benzoate 

3- Ruoro-4-cyanophenyl 2-fluoro-4-(3-buten-1-y1)benzoate 
3,5-Difluoro-4-cyanophenyI 2-fluor&4-(3-biiten-1-yl)benzoate 

4- CyanophenyI 2-fluoro-4-(trans-3-hexen-1-yl)benzoate 
3-Riiao-4-cyanophenyl 2-fluoro-4-(trans-3-hexen-1-yObenzoate 
3,5-Difluoro-4-cyanophenyI 2-fluoro-4-(trans-3-hexen-1-yl)benzoate. 

[0123] The following describes compositions of the present invention in detail. In the compositions of the following 
examples, -{CHgfc- and -C2H4- or -{CH^^- and -C4H8- are identical with each other. 

[0124] In the examples, phj^cal property characteristics of liquid crystal compositions and display characteristics of 
liquid crystal displays constituting TN-LCD are as follows^ 

Ti4.\: nematic phase-isotropic liquid phase transition temperature (**C) 

T_^: solid phase- or smectic phase-nematic phase transition temperature (°C) 

As : dielectric anisotropy at 20^0 

An : birefringence at 20°C 

n : viscosity at 20**C (cpi) 

Vth: threshold voltage at 20''C when TN-LCD is constructed (V) 
r : ratio of sharpness, saturation voltage (Vsat) to Vth at 20^0 

xr = xd : time when both items become equal at 20<»C. wherein xr is rise time from 0 V when a predetermined volt- 
age is applied, and xd is decay tinr^e when the applied voltage is released. 

[0125] Chemical stability of compositions was evaluated by putting 2 g of each liquid crystal conposition into an 
ampoule tube, sealing the tube after vacuum degassing and subsequent nitrogen replacement and then canying out 1 
hour of heating acceleration test at 150*C. Each of the liquid crystal compositions was measured for its specific resist- 
ance before the test specific resistance after the heating acceleration test voltage holding ratio before the test and volt- 
age holding ratio after the heating acceleration test. 

[01 26] In this connection, one or a plurality of the compounds shown in the Examples can be used by replacing them 
by certain compounds of the general fbrnrulae (1-1) to (III-4) depending on desired purpose or use, and illustrative com- 
pounds in such a case are represented by the following forms. 

Liquid crystal component A 



[0127] 



A case of general formula (1-10) Compound (2-11) 
A case of general formula (1-13) Compound (2-12): 
A case of general fbrrrula (1-16) Compound (2-13): 



side chain group (1^) basic structure (1-10) 
side chain group (l-ah) basic structure (1-13) 
side chain group (l-ah) basic structure (1-16) 
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Liquid crystal oomponerrt B 



[0128] 

A case of general formula (11-1) Compound (2-21): side chain group (ll-5a) basic structure (ll-la) polar group (ll-6a) 
A case of general fonnula (11-2) Compound (2-22): side chain group (ll-5a) basic structure (ll-2a) polar group (ll-6a) 
A case of general formula (11-3) Compound (2-23): side chain group (ll-5a) basic structure (ll-3a) polar group (ll-6a) 
A case of general formula (11-4) Compound (2-24): side chain group (ll-5a) basic structure (ll-1a) polar group (ll-6a) 

Liquid crystal component C 

[0129] 

A case of general formula (111-1) Compound (2-31): side chain group (lll-5b) basic structure (Ill-la) side chain group 
(lll-5b) 

A case of general formula (111-2) Compound (2-32): side chain group (lll-5b) basic structure (lll-2a) side chain group 
(lll-5b) 

A case of general formula (111-3) Compound (2-33): side chain group (lll-5b) basic structure (lll-3a) side chain group 
(lll-5b) 

A case of general formula (IIU) Corrpound (2-34): side chain group (lll-5b) basic structure (lll-4a) side chain group 
(lll-5b) 
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Definition of Conpounds 
Liquid crystal component A 
5 [0130] 

10 
IS 
20 

Liquid crystal component B 

£5 [0131] 

30 
35 
40 
45 
SO 



(2-12) 

(2-13) i-CO( 





N 



N 



(2-21) C2H 

(2-22) CzHi, 

(2-23) C2HJ 

(2-24) CaHi 



N 
N 



N 




N 
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Liquid crystal oonponent C 
[0132] 

5 



10 



15 



(2-31) C2Hr\J-\_/<:2H5 
(2-32) CzHr{y^(y:CiH5 
(2-33) C2H,-0-0-C2H5 



(2-34) C2Hr\_^^-iJ-C2H5 



20 

EXAMPLE 5 AND COMPARATIVE EXAMPLE 1 

[01 33] A host liquid crystal composition (H) of the following composition 

25 

n-C3H7__^~^COO-^^OC2H5 
n-C3H7_^~^COO-^^OC4H9 

n-CsHi i-.(^^C00-^)-0CH3 
1-r~VcOO-^^OC2H5 



30 



35 



45 



(mixture of equivalent anmunts) comprising compounds of the present invention represented by the general formula (Ill- 
lb) was prepared. This composition corresponds to the liquid crystal component C of the present invention. V^ous 
50 characteristics of this composition were measured. The results are as follows. 

Tn.|: 72.5*»C 
T^n:+17»C 
Ae:-1.3 
55 An : 0.085 
Vth:- 

[01 34] A liquid crystal composition (H-A) for conparison use comprising 90% of th host liquid aystal (H) and 1 0% 
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of a conventionally used compound of ttie following formida (A) 



CN (A) 



was prepared and its various characteristics were measured. The results are as follows. 

Tn.,: eS-S^C 
As: 3.0 
An : 0.093 
Vth: 2.38 V 

[0135] Next a liquid crystal composition (H-1) was prepared by adding the same anrxxjnt (10%) of the compound (I)- 
1 of the present invention shown in Tat)le 1 to the host liquid crystal (H), and various characteristics of the resi^ng com- 
position were measured. The results are as follows. 



[0136] The composition (H-1) of the present Invention shewed a T^.i value of 62.0°C which was slightly lower than 
that of the composition (H-A). Alsa it can be seen that its threshold voltage (Vth) was reduced by a factor of 0.4 V or 
more regardless of the 1 0% or more reduction In its delectric anisotropy (Ac). On the other hand, the response was not 
slowed. Next, the composition (H-1) was allowed to stand at O^C. but precipitation of crystals and phase separation 
were not observed e^en after one week of standing. In addition, when it was crystallized by allowing it to stand at -40''C. 
its melting point was measured to be A^'C. 

COMPARATIVE EXAMPLE 2 

[0137] A liquid crystal composition (H-B) fa comparison use was prepared by adding the same amount (10%) of a 
conventionally used compound represented by the following formula (B) 



to the host liquid crystal (H) in the same manner as desabed in Example 5 and Comparative Example 1 . and various 
characteristics of the resulting composition were measured. The results are as follows. 



[0138] The Tn,| value of (H-B) was 64.1*C which was slightly lower than the case of (H-A) but slightly higher than the 
case of (H-1). Its threshold voltage was reduced only slightly in comparison with (H-A) and far beyond the case of (H*1). 

COMPARATIVE EXAMPLE 3 

[0139] A liquid crystal composition (H-C) for comparison use was prepared by adding the same amount (10%) of a 
conventionally used compound represented l>y the following formula (C) 



Tn.|: 62.0*»C 
Ae:2.6 



An : 0.088 
Vth: 1.96 V 




CN (B) 



Tn.,: 64. rC 
A£:3.4 
An : 0.091 
Vth: 2.30 V 
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C3H7 




CN (C) 



to the host liquid crystal (H) in the same manner as described above, and various characteristics of the resulting com- 
position were measured. TTie results are as fbllcws. 



[01401 The Tn.| value of (H-C) was 63.0°C which was almost equivalent to the case of (H-1). Also, dielectric anisotropy 
of (H-C) was considerably large and. because of this, its threshold voltage was markedly improved in compart with 
(H-A) and (H-B). However, regardless of its larger dielectric anisotropy in conrparison with (H-1), its threshold voltage 
is higher by a facta of about 0.2 V so that its redudng effect is far b^nd the target In addition, when the composition 
(H-C) was allowed to stand at O^C, it was crystallized within 3 days, and its melting point when measured was a high 
value of 18°C. 

[0141 ] On the basis of the above results, it is e^dent that the compound of general formula (I) of the present invention 
has excellent threshold voltage reducing effect and also is excellent in terms of miscft>ilrty, in comparison with the con- 
ventional high p type phenyl benzoate derivatives. 



[0142] Next a liquid crystal composition (H-2) was prepared by adding the same amount (1 0%) of the compound (0- 
2 of the present invention shown in Table 1 to the host liquid crystal (H). and various characteristics of the resulting com- 
position were measured. The results are as follows. 



[0143] The composition (H-2) showed a T^-i value of 62.5**C which was slightly higher than that of the composition 
(H-1). It can be seen that its dielectric aniso^opy (Ac) is larger than that of (H-1) and its threshold voltage (Vth) was 
sharply reduced. Also, when the composition (H-2) was allowed to stand at (y*C, precq:>ftation of crystals and phase sep- 
aration were not observed even after one week of standing. 

EXAMPLE 7 AND COMPARATIVE EXAMPLE 4 

[0144] Liquid crystal composrtkxis composed of a mixture of the above-desaibed host liquid crystal H and a com- 
pound of fomuila (l)-1 or (l)-3 shown below which corresponds to the lic^id crystal component A as the essential conr>- 
ponent of the present inventbn were prepared. Further, liquid crystal compositions composed of a mixture of the atx3ve- 
described host liqiid crystal H and a compound of a formula (D) or (E) shown below were also prepared for comparison 
use. 



Tn-i: 63.0*»C 
Ae:3.5 



An : 0.089 
Vth: 2.15 V 



EXAMPLE 6 



Tn.,:66.0*»C 
Ae:3.7 
An : 0.091 
Vth: 1.89 V 
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5 



10 



15 



20 




[0145] With regard to the liquid crystal oomposition which contains the compound of forniula (l)-1 . five liquid crystal 
compositions were prepared by adjusting the content of the compound of fonmula (0-1 to 10% by weight. 15% by 

25 weight 20% by weight. 25% by weight or 30% by weight With regard to the liquid crystal composition which contains 
the compound of formula (D). liquid crystal compositions were prepared in the same manner as the case of the com- 
pound of formula (l)-1 . With regard to the liquid crystal composition which contains the compound of formula (l)-3. three 
liquid crystal compositions were prepared by acjusting the content of the compound off fornuJa (0-3 to 10% by weight. 
1 5% by weight or 20% by weight. With regard to the liquid crystal composition which contains the compound of formula 

30 (E). liquid crystal compositions were prepared in the same manner as the case of the compound of formula (l)-3. 
[0146] Using each of the thus prepared liquid crystal compositions, viscosity at 20**C and threshold voltage were 
measured. The results are shown in Fig. 1 . 

[0147] As is evident from the results shown in Rg. 1 . it was confirmed that the nematic liquid crystal composition of 
the present invention obtained by adcfing the compound of formula (t)-1 or (l)-3. which corresponds to the liquid crystal 
35 component A as the essential component of the nematic liquid crystal composition of the present invention, to the host 
liquid crystal (H) composed of the liquid crystal component C. has smaller viscosity against driving voltage when com- 
pared with the comparative liquid crystal composition which contains the compound (D) or (E) and is therefore different 
from the composition of the present invention. 

[0148] This effect « apt to be achieved when the liquid crystal component C composed of two or more compounds 
40 having a dielectric anisotropy of from -1 0 to 2 has smaller viscosity, and it is desirable that the liquid crystal conponent 
C alone has a viscosity of 25 c.p. or less, preferably 15 c.p. or less, more preferably 10 c.p or less, most preferably 8 
c.p. or less. Particularly, when compounds of general fornnulae (1-10) to (1-18) having alkenyl groups as their side chain 
groups are used as the liquid crystal component A. it is desirable for improving viscosity to use as the liquid crystal com- 
ponent C compounds of general formulae (llUa) to (lll-1d). (Ill-2a). (Ill-2f). (Ill-3a) and (lll^h). or as particularly illus- 
45 trative compounds, compounds of the subgroups (lll-ai) to (lll-av). (Ill-bi) to (lll-biii) and (lll-d) to (lll-dii). By the use of 
such compounds, viscosity of the nematic liquid crystal conrposition containing compounds of groups A4 to AS is further 
improved. 

EXAMPLES 

50 

[0149] A nematic liquid crystal composition (3-01) comprising the following compounds 
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(% by weight) 



(3-0101) 




4 


(3-0102) 


F F 
~A A~0~COO-0-CN 


3 


(3-0103) 


\_y-\_)-COO-\^^-CN 


5 


(3-0104) 


iN 


3 


(3-0105) 




9 


(3-0106) 


C4Hg-^-Cse-^-OC2H5 


9 


(3-0107) 




8 


(3-0108) 


C3H1 1-O~^-^^^O~0C2'^S 


8 


(3-0109) 




5 


(3-0110) 




4 


(3-0111) 




4 


(3-0112) 


/~{Z)~"{D~c5Hii 


10: 


(3-0113) 




11: 


(3-0114) 




8; 


(3-0115) 




9 



was prepared and various characteristics cf the composition were measured. The resute are as follows. 

Tn-i: 85.2«C 
T_^: -30.0'»C 
Vth:1.61 V 
Ae:7.2 
An: 0.169 
Ti : 20.0 cp. 
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Specific resistance before the test: 8.4 x 10^^ n * cm 

Specific resistance after heating acceleration test: 4.0 x 1 0^^ n * cm 

[0150] Since this nematic liquid crystal composition has high specific resistance after the heating acceleration te^. it 
can be understood that it is stable against heat Also; when twisted nematic and super twisted nematic liquid crystal dis- 
play systems were prepared using this composition as a constituting material, it was confinned that they were excellent 
display systems which do not generate flicker. 

[01 51 ] In addition, a mixed liquid aystal composition was prepared by adding a chiral substance "S^l 1 " (manufac- 
tured by Merck) to this nematic liquid crystal composition. On the other hand, a cell for STN-IjCD use having a twist 
angle of 220 degree was prepared by effecting formatfon of the orientation f Om through the rubbing of an organic film of 
"Sun Ever 610" (manufactured by Nissan Chemical Industries) on the facing transparent flat eleclroda The aforemen- 
tioned mixed liquid crystal composition was injected into the thus prepared cell to construct a liquid crystal display sys- 
tem, and its display characteristics were measured. As the result a liquid crystal display system was obtained which 
showed STN-LCD display characteristics having particularly excellent effects in terms of low threshold voltage, high 
multiplexing properties, improved flicker and crosstalk phenomena on the display screen, quick response and viewing 
angle characteristics having small parallax. 

[0152] In this connection, the chiral sut)stance was added in such an amount that natural helical pitch P of the mixed 
liquid crystal composition and cell thickness d of the display cell became An • d = 0.85 and d/P = 0.53 by ttie addition 
of the chiral sut>starK;e. 

[01 53] In addition, when a TN-LCD having a cell thickness d of 3.0 ^m was constructed and its display characteristics 
were measured, its threshokJ voltage was 1.39 V and response time was 1.2 msec. A liquid crystal display system 
showing TN-LCD display characteristics was obtained. 

[0154] A nematic liquid crystal composition (3-01 -01) is prepared by changing the compound (3-01 03) of the nematic 
liquid crystal composition shown in this example to a compound: side chain group (l-al) basic structure (1-16). Nematic 
liquid crystal compositions prepared in this manner are shown in the following as "Cornposition (3-01-01) = compound 
(3-0103) compound: side chain group (l-al) bask: structure (1-16)". 

Composition (3-01-02) = compound (3-0103) compound: side chain group (l-al) basic structure (1-16) polar 
group 

Composition (3-01-03) = compound (3-0103) -> corrpound: side chain group (l^am) basic structure (1-16) polar 
group 

Composition (3-01-04) = corrpound (3-0103) -> compound: side chain group (l-an) basic structure (1-16) polar 
group 

Composition (3-01-05) = corrpound (3-0103) -> corrpound: side chain group (l-aQ basic structure (1-17) polar 
group 

Corrposition (3-01-06) = corrpound (3-0103) -> corrpound: side chain group (l^am) basic structure (1-18) polar 
group 

Corrposition (3-01-07) = corrpound (3-0103) -> corrpound: side chain group (l-an) bask; structure (t-19) polar 
group 

[0155] Similar to this example, these nematic iKiuid crystal coripositions (3-01-01) to (3-01-07) showed excellent dis- 
play characteristics. 

EXAMPLE 9 

[0156] A nematic liquki crystal corrposition (3-02) corrprising the following compounds 
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(% by weight) 



(3-0201) c3Hr<>C2Hr<;>(><^ 3 





(3-0202) -^^y^J-COO-^J-CH 5 
(3-0203) CjHr^^^-O"^^^ 8 
(3-0204) C3H 

(3-0205) C3H7-0-O~0^' 
Db DD 

(3-0206) C3HrO~CA"O^CF3 10 
DD FD 

(3-0207) C3H 






(3-0208) C4Hg-\_/--Q-C^e-^-F g 

(3-0209) C3Hr-0--0~C5Hii 5 

(3-0210) /"-0~0~C5Hu 

(3-0211) \_yKIM3^3H7 

(3-0212) /KD~C)-0-C"3 

(3-0213) C3H7-0-O"0^"3 



10 
15 
15 
5 



was prepared and various characteristics of the composition were measured. The results are as follows. 

Tn.,: 100.0»C 
T_,n: -40.0»C 
Vth: 1.80 V 
Ac: 6.9 
An : 0.114 
11 : 12.3 cpi 

Specific resistance before the test : 4.1 x 10^^ n • cm 
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Specific resistance after heating acceleration te^: 1 .0 x 1 0^ ^ n * cm 

[01 57] Since this nematic liquid crystal composition has high specific resistance after th heating acceleration test, it 
can be understood that it is stable against heat Also, when twisted nematic and super twisted nemat'c liquid crystal dis- 
play systems were prepared using this composition as a constituting material, it was confirmed that they were excellent 
display systems which do not generate f licter. 

[0158] In ackiition, when temperatur&dependency of threshold voltage at from -10°C to eo^'C was measured as an 
eledrooptical characteristic using the thus obtained TN-LCD. it was 1 .7 mVAC showing that a liquid crystal display sys- 
tem having excellent cfisplay characteristics was obtained. 

EXAf\/IPLE10 

[01 59] A nematic liquid crystal composition (3-03) comprising the following compounds 
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(% by weight) 



(3-0301) 


vJ>- 


> 


5 


(3-0302) 




\J-COO-\_/-CN 


5 


(3-0303) 


f< 




8 


(3-0304) 


C3Hr{ 




2 


(3-0305) 




>-0-<:oc>-^-CN 


5 


(3-0306) 






5 


(3-0307) 




5 


(3-0308) 


C3H7H[^>-Q^3H7 


5 


(3-0309) 




15 


(3-0310) 




15 


(3-0311) 


rC 




5 


(3-0312) 




5 


(3-0313) 




)-c=e^O-0C2H5 


10 


(3-0314) 




)-c^e-Q-oc2H5 


10 



was prepared and various characteristics of the composition were measured. The results are as follows. 

Tn.|: 74.0»C 
T^n: -20.0"C 
Vth: 1.32 V 
Ae : 10.8 
An : 0.130 
y\ : 13.9 c.p 

[0160] In addition, a mixed liquid crystal composition was prepared by adding a chiral sut>8tance "8-81 1 " (manufec- 
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tured by MerdO to this nematic liquid crystal composHioa On the other hand, a cell for SIN-LCD use having a twst 
angle of 220 degree was prepared by effecting formation of the aientation f Om through the rubbing of an organic f Om of 
"Sun Ever 610" (nianufactured by Nissan Chemicai Industries) on th ladng transparent flat electroda TTie aforemen- 
tioned mixed liquid crystal composition was irijected into the thus prepared cell to construct a liquid crystal display sys- 
5 tern, and its display characteristics were measured. As the result a liquid crystal display system was obtained which 
showed STTsl-LCD display characteristics having particularly excellent effects in terms of low threshold voltage, high 
multiplexing properties, iirproved flicker and ac^stalk phenomena on the display saeen. quick response and viewing 
angle characteristics having small parallax. 

[01 61 ] In this connection, the chiral substance was added in such an amount that natural helical pitch P of the mixed 
10 liquid crystal conposition and cefl thickness dofthedisplay cell became An 'ds 0.85 and d^ bytheaddttion 
of the chiral sut>stance. 

EXAMPLE 11 

75 [01 62] A nematic liquid crystal corrposition (3-04) comprising the following compounds 
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(% by weight) 



(3-0401) \_/-^^00-^^N 
(3-0402) \ A^i-COO-O-CN 





(3-0403) ^ /-i hCOO-i >-CN 




(3-0404) 






(3-0405) \ p-\ i-coa-C >-CN 

(3-0406) 




(3-0407) 
(3-0408) 





(3-0409) CaHrOOO-^ 5 

(3-0410) C3HT<><;2Hr<><>-^ 5 

(3-0411) /-0~(D~C5Hu 15 

(3-0412) wKD~0~C3H7 15 

(3-0413) /-{D-0"0-<^"3 10 

(3-0414) \^^0-0"0-CH3 10 

was prepared and various characteristics of the composition were measured. The resutts are as follows. 

Tn.,: 82.rC 
T_,n: -30.0*C 
Vth: 0.81 V 
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Ac: 21.2 
An : 0.107 
r\ : 36.5 cp. 

Specific resistance before the test : 8.0 x 10^^ n • cm 
5 Specific resistance after heating acceleration test: 3.2 x 10^ ^ n • cm 

[01 63] Since this nematic liquid crystal conrposition has high specific resistance after the heating acceleration test, it 
can be understood that it is stable against heat. Also, when a twisted nematic liquid crystal deplay systems was pre- 
pared using this composition as a constituting material, it was confirmed that it was excellent display system which does 
10 not generate flicker. 

[0164] In addition, when temperature-dependency of threshold voltage at from -10°C to 40°C was measured as an 
electro-optical characteristic using the thus obtained TN-LCD, it was 1 .0 mVAC showing that a liquid crystal display sys- 
tem having excellent display characteristics was obtained. Its response at a low temperature was also excellent. 

15 EXAMPLE 12 

[01 65] A nematic liquid crystal composition (3-05) comprising the following compounds 
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{% by weight) 



(3-0501) 



V.^r-{^00-{]^l 



10 


(3-0502) 




10 




(3-0503) 




10 


15 




r-o-cy-ci-p 


10 


20 


(3-0505) 


f~\ /=\ 


10 




(3-0506) 




10 


25 


(3-0507) 




10 




(3-0508) 


C3Hr-0-0~CN 


5 


30 


(3-0509) 




5 




(3-0510) 




5 


35 


(3-0511) 




5 




(3-0512) 


/~~(Z)~0~^5Hn 


10. 


40 


(3-0513) 




5 



45 



50 



was prepared and various characteristics of the composition were measured. The results are as follows. 
Tn.,: 

T^n: -70.0*>C 
Vth: 1.32 V 
Ae : 10.0 
An : 0.094 
n : 19.1 cp. 

Specific resistance before the test: 4.1 xlO^^n^cm 

Specific resistance after heating acceleration test: 1.0 x 10^^ n«cm 

55 [01 66] Since this nematic liquid crystal corrposrtion has high specific resistance after the heating acceleration test, it 
can t>e understood that it is stable against heat. Also, when a liquid crystal display cell having an orientation film of "Sun 
Ever 61 0" was prepared using tNs corrposition as a constituting material, it showed a high tilt angle. 
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EXAMPLE 13 

[01 67] A nematic liquid crystal composition (3-08) conprising the following compounds 

(% by weight) 



8 




(3-0801) C2Hr\jrC00--^_^N 

(3-0802) C3Hr-^)-COO-^^f4 

(3-0803) C^Hg-^yCOO-^^N 

(3-0804) \.y-0~^°^^^~^^''^ 

(3-0805) -\_y-0-coo-^-c^ 

(3-0806) CsHir-O^OO-^^N 

(3-0807) C4Hg-^<:00-^^N 

(3-0808) CsHir^^OO-^^N 

(3-0809) /-O~0^^^ii 




5. 



10 



(3-0810) r\J~^^J~\J^ 17 

(3-0811) C3Hr-0~0"^^^"0^2"5 ^ 

(3-0812) C4Hg-{3~0^=^^"^~^2"5 ^ 

(3-0813) C3Hr-{3-{3-C00-O~O~^3"7 ^ 

(3-0814) C3H7-0-0~^00^0~0~C4"9 ^ 

was prepared arxi various characterfstics of the composition were measured. The results are as follows. 
Tn.,: 91.7*»C 
Vth: 1.32 V 



79 



EP0919536A1 



Ae : 18.9 
An: 0.145 
r\ :44.8c.pi 

[01 68] In addition, a niixed liquid crystal composition was prepared by adding a chiral substance "8-81 1 ** (nnanufac- 
tured by Merd^ to this nematic liquid crystal composition. On the other hand, a cell for STN-LCD having a twist 
angle of 240 degree was prepared by effecting formation of the orientation f am through the rubbing of an organic film of 
"Sun Ever 610" (manufactured by Nissan Chenrtical Industries) on the facing transparent flat electrode. The aforemen- 
tioned mixed liquid crystal composition was irijected Into the thus prepared cell to construct a liquid crystal display sys- 
tem, and its cfisplay characteristics were measured. As the result a liquid crystal display system was obtained which 
shewed STT^LCD display characteristics having particularly excellent effects in tenms of low threshold voltage, high 
multiplexing properties, improved flicker and crosstalk phenomena on the display screen and viewing angle character- 
istics having small parallax. 

[0169] In this connection, the chiral substance was added in such an amount that natural helical pitch P of the mixed 
liquid crystal composition and cell thickness d of the display cell became An • d = 0.85 and d/P = 0.53 by the addition 
of the chiral substance. 

STN-LCD d^lay characteristics at a twist angle of 240 degree 

[0170] 

Vth :0.98 V 
y: 1.027 

A{Vth)/ACT):1.3mVAC 

[0171 ] The following nematic liquid crystal compositions are prepared in the same manner as described in Example 8. 

Composition (3-08-01) = compound (3-0808) -> compound: side chain group (l-aQ basic structure (1-16) polar 
group 

Conposrtion (3-08-02) ^ compound (3-0808) compound: side chain ^oup (l^am) basic structure (1-16) polar 
group 

Conposrtion (3-08-03) = conpound (3-0808) compound: side chain group (l-an) basic structure (1-16) polar 
group 

Conrposition (3-08-04) = conpound (3-0808) compound: side chain group (1-aQ basic stmcture (1-17) polar 
group 

Conposition (3-08-05) = conpound (3-0808) compound: side chain cp-oup (l-am) basic structure (1-17) polar 
group 

Conposition (3-08-06) = compound (3-0808) conpound: side chain group (l-an) basic structure (1-17) polar 
group 

Conposition (3-08-07) = compound (3-0808) corrpound: side chain group (1-d) basic structure (1-7) polar group 

Composition (3-08-08) = compound (3-0808) compound: side chain group (l-aQ basic structure (1-15) polar 
group 

Conrposition (3-08-09) = conpound (3-0808) compound: skte chain youp (1^) basic structure (1-15) polar 
group 

Conposition (3-08-10) = corrpound (3-0808) conpound: side chain group (l-an) basic structure (1-15) polar 
group 

[0172] Similar to this example, these nematic liquid crystal conrpositkxTs (3-08-01) to (3-08-10) showed excellent dis- 
play characteristics. Among them, composition (3-08-02), composition (3-08-05) and conposition (3-08-09) showed 
more excellent characteristics. 

gXAMPl^ 14 

[01 73] A nematic liquid crystal conposrtion (3-09) comprising the following compounds 



80 



EP 0 919 536 A1 



w 



15 



20 



25 



30 



35 



40 



(3-0901) CaHj-Q-COO-^-CN 
[ff-O-COO-^-CN 



(3-0902) C3H 
(3-0903) CiH 



(% by weight) 

9 
5. 
10 



(3-0904) C5Hir-O-C00-(^^N g 



(3-0905) 



/~"0~C^)~C5Hii 



10 
8 



10 

10; 



(3-0906) 

(3-0907) -^\^j-\_)-<^G-\_)-CH2 

(3-0908) CaHr-O-O-C^e-Q-CzHs ^ 

(3-0909) C3H7-(3-COO— Q-C^e-^-CHs ^ 
(3-0910) /-0~0~0~CH3 

(3-0911) vy-CHD-0^»3 

(3-0912) C3HrO-0-OA_/ 3 
(3-0913) C3HrO~O^00-O~O^3H7 ^ 

45 was prepared and various characteristics of the composition were measured. The results are as follows. 

Tn.|: 89.1 "C 
T_^: -50.0»C 
Vth: 1.12 V 
50 Ae : 16.7 
An : 0.144 
r\ : 32.1 C.p. 

[0174] In adcfition, a mixed liquid crystal composition was prepared by adding a chiral sut>stance *S-81 1 ' (manulac- 
55 tured by Merck) to tins nematic liquid crystal composition. On the other hand, a cell tor STN-LCD use having a twist 
angle of 240 degree was prepared t>y effecting formation of the orientation f am through the rutibing of an organic film of 
'Sun Ever 61 0' (manufactured by Nissan Chemical Industries) on the facing transparent flat electroda The aforemen- 
tioned mixed liquid crystal composition was irqected into the thus prepared cell to construct a Hquid crystal display eys- 
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tern, and its cfisplay characteristics were measured. As the result a liquid crystal display system was obtained which 
shewed STN-LCD display characteristics having particularly excellent effects in terms of low threshold voftag , high 
multiplexing properties, improved flicker and crosstalk phenomena on the display saeen and viewing angle character- 
istics having small parallax. 

[01 75] In this connection, the cfiiral sut>stance was added in such an anrKHjnt that natural helical pitch P of the mixed 
liquid crystal composition and cell thickness d of the display cell became An * d a 0.85 and d/P = 0.53 by the addition 
of the chiral 8ut}stance. 

STN-LCD display characteristics at a twist angle of 240 degree 

[0176] 

Vth :0.99 V 
r: 1.029 

A(Vth)/A(T):1.2mVAC 

[01 77] The following nematic liquid crystal compositions are prepared in the same manner as described in Example 8. 

Composition (3-09-01) = compound (3-0904) compound: side chain group (l-al) basic structure (1-16) polar 
group 

Corrposition (3-09-02) = compound (3-0904) -> compound: side chain g-oup (l^am) basic structure (1-16) polar 
group 

Corrposition (3-09-03) = compound (3-0904) -> compound: side chain group (l-an) basic structure (1-16) polar 
group 

Composition (3-09-04) = compound (3-0901) -> compound: side chain group (l-al) basic structure (1-10) polar 
group 

Corrposition (3-09-05) = compound (3-0901) corrpound: side chain group (l-am) basic structure (HO) polar 
group 

Corrposition (3-0906) = conrpound (3-0901) -> conpound: side chain group (l-an) basic structure (1-10) polar 
group 

Corrposition (3-09-07) = corrpound (3-0905) -> compound: side chain group (l-al) basic structure (1-17) polar 
group 

Corrposition (3-09-08) = compound (3-0905) -> conrpound: side chain group (l-am) basic structure (1-17) polar 
group 

Composition (3-09^) = compound (3-0905) compound: side chain group (l-an) bask; structure (1-17) polar 
group 

Conrposition (3-09-10) = compound (3-0905) -> compound: skie chain ^oup (1^) basic structure (H4) polar 
group 

[0178] Similar to this example, these nemfiatic Iquid crystal comrposrtions (3-09-01) to (3-09-10) showed excellent dis- 
play characteristics. Among them, composition (3-09-01). cormposition (3-0^) and composition (3-09-08) showed 
further improved threshoW voltage and temperature-depoidency and frequency-dependency thereof. 

EXAMPLE 15 

[0179] A nennatic \k\uid crystal composition (3-10) comprising the following corrpounds 
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(% by weight) 



" (3-1001) C2Hr-(|^00-{^N 

(3-1002) CaHr-O^OO-^-CN 

10 c 

(3-1003) C4Hg-^-C00-Q-CN 

« (3-1004) --W~O^00-Q-Ct 



20 



25 



30 



35 



40 



5 

10' 
8 



(3-1005) C5Hii-{^^00-{]^N 8 

(3-1006) /-0~0^5Hii 10 

(3-1007) -\y-0^=C-0-<^H3 8 

(3-1008) C3H7-(3-0~^^^^"O^2^^s 7 

(3-1009) C3H7-O~C00"-O"<^^^"O^"3 5 

(3-1010) rO-O'^O-CHa 10 

(3-1011) V^r-Q-O-O-CHa 10 

(3-1012) C3Hr-0-0-Q-Y^ 3 

(3-1013) C3H7-(3-(3-C00-O-O^3Hr 7 



45 was prepared and various characteristics of the composrtion were measured. The resutts are as follows. 

Tn.,: 89.0''C 
T^: -50.(y»C 
Vth:1.13 V 
50 Ae : 16.9 
An: 0.144 
n : 33.6 cp. 

[0180] In addrtion, a mixed liquid crystal composition was prepared by addng a chiral sut)stance "S-81 1 " (manulac- 
55 tured t)y Merck) to this nematic liquid crystal composition. On the other hand, a cell for STN-LCD use having a twist 
angle of 240 degre was prepared by effecting formation of the orientation f Om through the rubbing of an organic film of 
"Sun Ever 610" (manufactured by Nissan Chemical Industries) on the facing transparent flat electroda The aforemen- 
tioned mixed liquid crystal composition was injected into the thus prepared cell to construct a liquid crystal display sys- 
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tern, and rts display characteristics were measured. As the result a liquid crystal display system was obtained which 
shewed STN-LCD display characteristics having particularly excellent effects in terms of low threshold voltage, high 
multiplexing properties, improved flicker and crosstalk phenomena on the dteplay screen and viewing angle character- 
ises having small parallax. 

5 [0181 ] In this connection, the chiral sut>stance was added in such an amount that natural helical pitch P of the mixed 
liquid crystal composition and cell thickness d of the display cell t>ecame An * d = 0.85 and d/P » 0.53 by the addition 
of the chiral substance. 

STN-LCD display characteristics at a twist angle of 240 degree 

10 

[0182] 

Vth :1.13 V 
y: 1.031 
15 A(Vth)/ACT):1.3mVAC 

EXAMPLE 16 

[0183] The nematic liquid crystal composition (1-16) of the present inventbn showed the following additional charac- 
20 teristics. When wavelength dspersion of the birefringence of the nematic liquid crystal composition was measured, the 
light wavelength ratio of 400 nm to 650 nm was 1 . 1 5 or wotb. Since this liquid crystal material shows more larger retar- 
dation based on the difference in the light wavelength, it ts usefii in a novel reflection type I'quid crystal color display 
system in which color display is carried out making use of birefringence of liquid crystal and retardatk>n f Om without 
using color fitter layers. 

25 

EXAMPLE 17 

[0184] The nematic Ik^uid crystal compositions of the present invention, particularly (1-10), (1-1 1), (1-13), (1-14). (3- 
02). (3-03), (3-05). (3-09) and (3-10). showed the following additional characteristics. When a formula 

30 a>d~2x10^^xS' ^ was defined as the relaxation frequency whk^h is defined using a liquid crystal constituting 
factor of these liquid crystal compositions. S = (t) x (a>^)'^ {wherein r\ represents viscosity of a liquid crystal compo- 
sition (unit. c.p.) and <a) represents average molecular length of the liquki crystal composition (unit. A)}, and F was 
defined as the execution frequency practically applied to the IqukJ crystal layer, which is defined by the frame frequency 
andA>r duty numbers related to the driving of the liquki crystal composition as a display, a function of 

35 1.0 X 10 ^ a>d/F ^ 5.0 x 10~ was found within the driving temperature range. Because of this, a problem of not 
chanpng driving voltage within the frequency range corresponding to various cases of the nrujltiplaxing properties or of 
sudden increase in the driving voltage at a tow temperature due to increase in the nultiplexing properties (duty num- 
bers) can be made better. Such a characteristic feature seems to be originated from the construction of the Ik^ukJ crystal 
component A. As a consequence. liqukJ crystal display syst^ns having inrproved display characteristics can be 

40 obtained by the use of the liquki crystal composition of the present invention. Particularly, excellent driving characteris- 
tics and di^y characteristics were obtained in the TN-LCD and STN-LCD Ik^uki crystal display systems which require 
large quantity of information. 

[0185] The nematic lk)uid crystal corrposition of the present invention can provide IqukI crystal materials in response 
to desired purposes even by its addition in a small amount wittiout spoiling other characteristics. More particularly, it 

45 prcvkies a nematic IqukJ crystal conrposition which has such a terrperature range that tow temperature driving can be 
effected, shows more quicker response against driving voltage and can effect the driving at lower voltage. In conse- 
quence, Ix^uki crystal display systems in whtoh flicker and crosstalk phenomena on the display screen are inproved can 
be obtained by the use of the liquid aystal conrposition of the present invention. In addition, thickness d of the Ik^ukJ 
crystal layer can be reduced when the birefringence is inaeased and the response characteristics can therefore be 

50 irrproved. so that excellent driving characteristics and display characteristics can be obtained particulariy in the TN- 
LCD and STN-LCD Ikfuid crystal display systems which require large cpjantity of information. 
[0186] While the invention has been described in detail and with reference to specific examples thereof, it will be 
apparent to one skilled in the art that various changes and rrxxiifications can be made therein witiiout departing from 
the spirit and scope thereof. 

55 

Clainns 

1 . A conpound, represented by the general formula (I): 
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CN 



<I) 



wherein R represents a hydrogen atom or a straight chain alkyi group having 1 to 7 cartx)n atonrs and each of X, 
Y and Z independently represents hydrogen atom or fluorine atom. 

The compound according to daim 1 , wherein R is a hydrogen atom or a methyl group. 
The compound according to claim 1 , wherein X is a fluorine atom and Y is a hydrogen atom. 
A compound, represented by the general formula (IQ: 



wherein R represents a hydrogen atom or a straight chain alkyI groip having 1 to 7 cartx>n atoms and Z represents 
a hydrogen atom or a fluorine atom. 

A nematic liquid crystal composition, comprising: 

a liquid crystal component A composed of 1 , 2 or 3 or more groups selected fro groups A1 to A6, wherein said 
groups are composed of compounds represented t>y the general formulae (1-1 ) to (1-1 8): 



F 




(II) 



Z 
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Group Al 



^ Group A4 



0-1) r"-Q^oo-Q-cn . (i-io) r'^-^^oo-Q-cn 

0-2) r"-^COO-Q^N (1-11) R'^-^-CO 



(1-3) r"- 



Group A2 
(1-4) 




0 



N (1-12) R'^-(~)-C0 




N 



Group A5 



(1-5) R"-^-COO-^-CiV (1-14) r"-^-COO-^-CN 




(1-6) r' 



Group A3 

(1-7) r'^-^-CO 



(1-15) 





(1-8) 



(1-9) 



Group A6 
N (1-16) R*'- 

N (1-17) R 




r"--Qk:oo--Q-cn (1-18) r'^j-coo-Q-cn 



wherein R^^ each independently represents an alkyl or alkoxy group having 1 to 10 carton atoms arxl R**^ 
each independently represents an alkenyl or alkenyloxy group having 2 to 10 cartx)n atoms, wherein said 
alkyl group, alkoxy group, alkenyl group or alkenyl cxy group may be unsut>stituted or may have one F. CH3 
or GF3 as a sut>stituent group, and/or at least one of CH2 groups existing in said alkyl group, alkoxy group, 
alkenyl groip or alkenyloxy group may be substituted each independently with -0-, -GO- or -GOO- where 
O atoms are not directly linked to each other, and the atoms which constitute these compounds may t>e 
replaced by their isotopes, and 

sakJ liquid crystal component A is composed of 1 to 20 compounds; 

0 to 9S% by weight of a Ik^uld crystal component B composed of compounds having a dielectric anisotropy 
of 42 or more; and 
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0 to 95% by weight of a liquid crystal conrponent C composed of compounds fiaving a dielectric anisotropy 
of from -10 or more to less than +2; 

wherein the total amount of the liquid crystal component B and liquid crystal component C in said nematic liq- 
uid crystal composition is from 30 to 90% by weight with the proviso that the liquid crystal component A should 
satisfy at least one of tiie following conditions (i) to (vui): 

0) said liquid crystal component A contains at least one compound selected from the compounds repre- 
sented by said general fomruilae (1-1 1). (1-12), (1-14), (1-15). (1-17) and (1-18), and the content of said com- 
pound in said liquid crystal component A ^ from 5 to 1 00% by weight; 

(ii) said liquid crystal component A contains 1 to 1 0 of the compounds represented by the group A5 and 1 
to 1 0 of the compounds represented by the group A4 and/or group A6, and the total content of these com- 
pounds in said tiqiid crystal component A is from 5 to 100% by weight; 

(iii) said liquid crystal component A contains 1 to 10 of the compounds represented by the group A6 and 1 
to 10 of the compounds represerted by the group A4 and/a group A5, and the total com com- 
pounds in said liqiid crystal component A is from 5 to 1 00% by weight; 

fiv) said liquid crystal component A contains 1 to 10 of the compounds represented by the groups A4 to 
A6 in which tiie side chain groiip has an alkenyl group and 1 to 10 of the compounds represented by the 
groups A1 to A3 in which the side chain group has an alkyf group, and the total content off these com- 
pounds in said liquid crystal component A is from 5 to 100% by weight; 

(v) said liquid crystal component A contains 1 to 10 of the compounds represented by the group A3 and/or 
group A6 having 3,&<jifluoro-4-cyanophenyl group and 1 to 10 off the compounds represented by the group 
A2 and/or ^oup A5 having 34luoro-4-cyanophenyl groups wherein at least one off these selected conv 
pounds belongs to the group AS or group AS, and the total content off these compounds in said liquid crys- 
tal component A is from 5 to 100% by weight; 

(vO said liquid crystal component A contains 1 to 1 0 of the compounds represented by the groip A3 and/or 
g-oup A6 having 3,&<Iif luoro-4-cyanophenyl group and 1 to 1 0 of the compounds represented by the group 
A1 and^or group A4 having 4-cyanophenyl group, wherein at least one of these selected compounds 
belongs to the group A4 or groip A6, arxJ the total content of these compounds in said liquid crystal com- 
ponent A is from 5 to 100% by weight; 

(vii) said liquid crystal component A contains 1 to 10 of the corrpounds represented by the group A3 
and/or group A6 having 3.5-difluoro-4-cyanophenyl group, 1 to 10 of the compounds represented by the 
group A2 and/or group A5 having 34luoro-4-cyanophenyl group and 1 to 1 0 of the compounds represented 
by the group A1 and/or group A4 having 4-cyanophenyl group, and the total content of these compounds 
in said liquid crystal component A is from 5 to 100% by weight; and 

(viii) said liquid crystal component A contains 1 to 10 of compounds in which R^^ jg represented by 
CH2=CH-, CH2=CH-(CH2)r. CH2=CH-(CH2)4-. CH3CH=CH-, CH3CH=CH-(CH2)2- or CH3CH=CH- 
(CH2)4-. 

The nenDatic liquid crystal composition according to claim 5. wherein said liquid crystal component B contains 1 to 
15 compounds selected from the group off compounds represented by the general formulae (11-1) to (11-4): 
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5 



10 



15 



20 




25 

wherein each of R^^ to R^"^ independently represents an alkyl group having 1 to 10 caston atoms or an alkenyl 
group having 2 to 10 cartx>n atoms, wherein said alkyl group or alkenyl grocp may be unsut>stituted or may have 
one F. CH3 or CF3 as a sut>stituent groups and/6r at least one of CH2 groups existing in said alkyl group or alkenyl 

30 group may be substituted each independently with -CO or -COO- where O atoms are not directly linked to each 
other, each off X^^ to X^^ independently represents F. CI, CF3, OCF3, OCFgH. NCS or CN. each of Y^^ to Y^s inde- 
pendently represents H, F, a or OCF3. each of W^^ to Vf^ independently represents H, F or Q, each of Z^^ to 
independently represents a single bond, -COO-, -OCO, -CH2O-, -OCKt-. -(CHgjg-, -(CH2)4-, -CH=CH-{CH2)2-, - 
(CH2)2-CH=CH-, -CH=N-. OH=N-N=CH- or -N(0)=N-, wherein each off Z^^ and Z^^ to Z^^ may be -CH=CH-, - 

35 CF=CF- or -C=C-, each off the rings A^^ to A^* independently represents trans- 1.4-cyck>hexyfene. trans-1,4- 
cydohexenylene or trans-1 ,3-dioxane-2,&<iiyl. wherein the ring A^* may be 1 .4-phenytene, 2- or 3-ffluoro-1 ,4^he- 
nytene or 3,5-dffluoro-1, 4-phenytene, and in the case of trans-1 ,4-cyclohexylene. at least one off the hydrogen 
atoms in said ring may be replaced by deuterium atom, each off 1^ to 1^* independently represents 0 or 1 wherein 
k^ + 1^'^ is 0 or 1, and the atoms whrch constitute the compounds off said general Ibrmidae (11-1) to (11-4) may be 

40 replaced by their isotopic atoms. 

7. The nematic lk]uid crystal composition accorcfing to daim 6, wherein said liquid crystal component B contains 1 to 
15 or more compounds selected from the group consisting off (1) a compound in whkrfi each off R^^ to R^^ in the 
general fbnmulae (IH) to (11-4) is independently an alkenyl group having 2 to 5 caitx)n atonre. (2) a compound in 

45 which each off X^^ to X^^ in the general fonnulae (11-1) to (IM) is independently F. a, or OCF3. (3) a compound in 
which Z22 in the general formula (11-1) is -(CHg)^ or -(CH2)4-. (4) a compound in which k^^ in the general fonnula 
(11-1) is 1. (5) a compound in whrch at least one off Y^^. y^* and in the general formula (11-2) is F. (6) a 
compound in which in the general formula (11-2) k^^ is 1 and Z^^ is -C-C-, (7) a compound in which in the general 
formula (11-2) Z^^ is a single bond or -{CH^- and Z^^ is -COO, (8) a compound in which at least one of Y^^ Y^^ 

50 and to in the general formula (11-3) is F, (9) a compound in whfch 2?^ in the general ffbnnula (11-3) is -C-C- 
, (10) a compound in which in the general formula (11-3) Z^^ is a single bond or -C=C- and is -COO-. (1 1) a com- 
pound represented by the general fomwla (11-4). and (12) a compound in which in the genera! fbnnulae (11-1) and 
(11-2) the rings A^^ to A^^ are trans-1. 4-cyclohe)(ylene and at least one off the hydrogen atoms in said ring is 
replaced by deuterium atom. 

55 

8. The nematic liquid crystal compositfon according to daim 6, wherein said liquid crystal component B contains 1 to 
15 compouncte selected from the group consisting off (1) a compourxJ in which in the general formula (11-1) is 
an alkyl or alkenyl group having 2 to 5 cartx>n atoms. 1^^ is 0 and X^^ is -CN, (2) a compound in whk;h in the general 
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formula (IM) k^^ is 1 , X^^ is F or -CN and each of Y^^ and Y^^ is independently H or F. (3) a compound in which in 
the general fonnula (11-2) PP^ is an alkyi or alkenyl group having 2 to 5 carbon atoms, k^^ is o. X^^ is -CN and each 
of y23. y2^. and Is independently H or F. (4) a compomd in which in the general fomujia (11-2) k^^ is 1 , 2^3 
is a single bond. -{OHzhr or -COO. Z^^ is a single bond, -COO- or -C-C-, X^^ is F a -CN and each of Y^. Y^^ 
W^^ and is independently H or F, (5) a compound in which in the general formula (11-3) R^^ is an alkyI or alkenyl 
group having 2 to 5 caitxjn atoms and one of and 2?^ is a single bond and the other is a single bond, -COO- 
or -C=C-. (6) a compound In which each of Y^^, y^^ and W^^ to W^^ in the general formula (11-3) H or F. (7) a 
compound in which in the general fornula (IM) R^"^ is an alkyI or alkenyl g-oip having 2 to 7 carbon atoms and k^ 
+ k^^ 6 0. and (8) a compound in which In the general fbrnijlae (11-1) and (11-2) the rings to are trans-1 .4- 
cydohexylene arxi at least one of the hydrogen atoms In sakJ ring is replaced by deuterium atom; and 
wherein the total content of these compounds in said liquid crystal component B is from 10 to 100% by weight. 

9. The nematk: liquid crystal composition according to daim 6. wherein said liquid crystal component B contains 1 to 
15 compounds selected from the group consisting of (1) a compound in which in the general formula (11-1) R^^ is 
an alkyI or alkenyl group having 2 to 5 caitwn atoms, k^^ is 1 . one of 7?^ and 2^2 is a single bond and the other is 
a single bond. -COO-, -(CH2)2- or -{CH^^-, X^^ is F, Q. CF3. OCF3 or OCFgH and at least one of Y^i and Y^^ is F. 
(2) a compound in which in the general formula (11-2) is an alkyI or alkenyl group having 2 to 5 carbon atoms, 
k22 is 1 , Z23 is a single bond. -{CHzhr or -COO-. Z^^ is a single bond, -COO- or -C=C-. X^s is F, CI. CF3. OCF3 or 
OCF2H. at least one of Y^ and Y^^ is F and each of W^^ and W^^ is independently H or F, (3) a compound in which 
in the general formula (11^) R^ is an alkyI or alkenyl group having 2 to 5 carbon atoms, one of Z^^ and Z^^ is a 
single bond and the other isa single bond. -COO- or -C=C-. X^^ is F. at least one of Y^^ and >^ is F and to 

are H or one or more of them are F, and (4) a conpound in which in the general formulae (11-1) and (11-2) the 
rings A^^ to A^ are tians-1 .4-cycfohexylene and at least one of the hydrogen atoms in said ring is replaced by deu- 
terium atom; arxi 

wherein the total content of these compounds in said liquid crystal component B is from 10 to 100% t>y weight. 

10. The nematic liquid crystal conrposition according to daim 5, wherein said liquid crystal component C contains 1 to 
15 compounds selected from the group consisting of compounds represented by the general fonmulae (III-1) to (III- 
4): 




wherein each of R^^ to R^ independently represents an alkyI or alkoDcy group having 1 to 7 cart}on atoms or an 
alkenyl or alkenyloxy group having 2 to 7 cartx>n atoms, wherein said alkyI group, alkoxy groip, alkenyl group or 
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alkenyloxy group may be unsubstituted or may have one F, CH3 or CF3 as a substituent group, and^or at least one 
of CH2 groups existing in said alkyl group, alkoxy group, alkenyl group or alkenyloxy group may be sut>Gtituted each 
independently with -0-. -CO- or -COO- where O atoms are not directly linked to each other, each of Y^^ to inde- 
pendently represents H or F, or Y^ and Y^ may also be -CH3. each of W^^ to independently represents H, F 
or a, each of Z^^ to Z^^ independently represents a single bond. -C0O-. -0C0-, -CH2O-, -OCH2-, ^^C^^^-, - 
(CH2)4-, -CH=CH-(CH2)2-, -(CH2)2-CH=CH-, -CH=N-. -CH=N-N=CH- or -N(0)=N-, wherein each of Z^Und to 
Z^ may also he -CH^CH-. -CF=CF- or -C-C-. each of the rings A^^ to independently represents trans-1.4- 
cydohexylene, trans-1.4-cyclohexenylene or trans-1,3-dioxane-2,5<liyl, wherein each of the rings A^^ and A^ to 
A^ may also be 1 ,4-phenylene, 2- or 34luao-1.4-phenylene. 2,3-difluora-1,4-phenylene or 3.5<Jifluoro-1,4-phe- 
nylene and, in the case of trans-1,4-cyclohexylene, at least one of the hydrogen atoms in said ring may be replaced 
deuterium atom, each of 1^^ to k^ independently represents 0 or 1 wherein k** + k^isOor1.andthe atoms 
which constitute the compounds of said general formulae (III-1) to (MM) may be replaced by their tsotopk; atoms. 

11. The nematic liquid crystal conrposition according to daim 10, wherein said liquid crystal component C contains 1 
to 15 compounds selected from the group consisting of the compounds represented by the general formula (III-1). 
(111-2) or (111-3), and the total content of these compounds in said liquid crystal component C is from 10 to 100% by 
weight 

12. The nematic liquid crystal conrposition according to claim 10, wher^n said liquid crystal conrponent C contains 1 
to 1 5 or mae compounds selected from the group consisting of (1) a compound in which each of R^^ to in the 
general formulae (III-1) to (III-4) is independently an alkenyl group having 2 to 5 cartx>n atoms. (2) a compound in 
which each of to in the general formulae (III-1) to (MM) is independently a straight chain alkenyl or alkeny- 
k>xy group having 2 to 7 cartx)n atoms, (3) a compound in which in the general formula (III-1) k^^ is 0 and Z^ is a 
single bond or -(CH2)2-, (4) a compound in whfeh k^^ in the general formula (III-1) is 1, (5) a compound represented 
by the general formula (III-2), (6) a compound in which in the general formula (111^) at least one of Y^, Y^^ and 

to is F and y33 is F or -CH3, (7) a compound in whfch in the general formula (III-3) k^^ is 0 and Z^ is a 
single bond. (8) a compound in which in the general formula (III-3) >^ is 1 and Z^ is a single bond, -0C0-. -CHgO- 
. -OCH2-, -(CH2)2-. -{CH2)4-. -CH=CH-(CH2)2-, -(CH2)2-CH=CH-. -CH=N-, -CH=N-N=CH-. -N(0)=N-. -CH=CH- or 
-CF==CF-, (9) a compound in whrch in the general formula (III-3) Z^ is -COO- or -C=C-and Z^ is -OCO-, -CH2O-, 
-OCH2-. -(CH2)2-. (CH2)4-. -CH=CH-{CH2)2-, -(CH2)2-CH=CH-. -CH=N-. -CH=N-N=CH-. -N(0)=N-. -CH-CH-. - 
CF=CF- or -C=C-, (10) a compound represented by the general formula (III-4), and (1 1) a compound in whteh in 
the general fbrnrwiae (III-1) to (III-4) the rings A^^ to A^ are trans-1 ,4-cyck)hexylene and at least one of the hydro- 
gen atoms in said ring is replaced t>y deuterium atom. 

13. The nematic liquid crystal conrposition according to daim 10, wherein said Ikfuid crystal component C contains 1 
to 15 compounds selected from the group consisting of (1) a compound in wNch in the general formula (111-1) R^^ 
is an alkyl group having 1 to 5 cartx)n atoms or an alkenyl group having 2 to 5 cartx>n atoms. R^ is an alkyl or 
alkoxy group having 1 to 5 cartxm atoms or an alkenyl or alkenyloxy group having 2 to 5 cartx>n atoms, k^"* is 0 arxJ 
Z^2 is a single bond, -COO- or -{CH^-, (2) a compound in whrch in the general formula (III-1) 1^^ is 1 , the ring A^^ 
is trans-1 ,4-cydohexylene and one of Z^^ and Z^ is a single bond and the other is -COO- or -{CH^; (3) a com- 
pound in which in the general formula (III-2) R^^ is an alkyl group having 1 to 5 carbon atoms or an alkenyl group 
having 2 to 5 carbon atoms. R^ is an alkyl or alkoxy group having 1 to 5 caribon atoms or an alkenyl or alkenyloxy 
group having 2 to 5 cartXKi atoms, the ring A^ is tFans-1,4-cydohexylene or trans-1, 4K;ydohexenytene, k^ is 0 
and Z^ is a single bond, -COO- or -(CH2)2-. (4) a conpound in which in the general fbrnuila (III-2) 1^^ is 1 and one 
of Z^ and Z^ is a single bond, (5) a compound in which in the general formula (III-3) R^ is an alkyl group having 
1 to 5 cartx>n atoms or an alkenyl group having 2 to 5 cartwn atoms, R^^ is an alkyl or alkoxy group having 1 to 5 
carbon atorns or an alkenyl or alkenytaxy group having 2 to 5 carbon atorTis,k^ is 0 and ^ -C^C- 
or -CH=N-N=CH-, (6) a corrpound in which in the general formula (III-3) 1^ is 1, ^ is a single bond, -(CH2)2-. - 
COO- or-C-C- and Z^ is a single bond. -COO- or -C=C-. (7) a compound in which in the general forntjla (111-3) 
one of 2®^ and Z^s a single bond and the other is a single bond or -C-C- and at least one of and is F. 

(8) a compound in which in the general formula (III-3) either one of Y^ and Y^ fe sitetituted with F or CH3, and 

(9) a compound in which in the general fbrnrwla (III-4) R^ is an alkyl group having 1 to 5 carbon atoms or an alkenyl 
group having 2 to 5 carbon atorns, 1^ is an al}^ or alkoxy group having 1 to 5 cartx>n atoms or an ^ 

nyloxy group having 2 to 5 carbon atoms and 1^ + k^ is 0. and wherein the total content of these compounds in 
said liquid crystal component C is from 10 to 100% by weight. 

14. The nematic liquid crystal composition according to daim 5, wherein saki liquki crystal composftk)n contains 1 to 
1 0 compounds having a core structure of four six-membered rings and having a Ik^ud crystal phase-isotropic iKiuid 
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phase transition temperature of 1 0O^C or higher. 

15. The nennatic liquid crystal oorrposftion according to daim 5, wherein said iiqiBd crystal composition has a birefrin- 
gence of from 0.08 to 0.195, an elastic constant rati IWK^i of from 1 .1 to 4.0, a nematic phase-isotropic liquid 
phase transition temperature of from 50 to 150°C and a crystal phase-, smectic phase- or glass phase-nematic 
phase transition temperature of from -200*'C to O^C. 

1 6. TTie nematic liquid crystal composition according to daim 5, wherein said liquid crystal composition further contains 
a compound having an optically active group which shows an induced helical pitch of from 0.5 to 1 ,000 \im. 

17. An active matrix, twisted nematic or super twisted nematic liquid crystal display system comprising the nematic liq- 
uid crystal composition of daim 16. 
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